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1. Introduction

In response tdhe Department of Water Resources (DWHermitteg request for authorization for the
incidental take of longfin smelSpirinchus thaleichthy& FS), Delta smeldypomesus transpacificus

DS), wintefrun Chinook salmorQncorhynchus tshawytsch@HNWR),rad springrun Chinook salmon
(Oncorhynchus tshawytsch@HNSR)nder the California Endangered Species Act (ClBE&gisting

and future operationsn the Sacramenté&gan Joaquin Beyelta (Deltapf the State Water Project (SWP;
Project), we conductednalyses for each specibasedorb6 2 wQad LY OARSyYyGFf ¢+ 1S t SN
Application for Longerm Operation of the Project dated December 13, 20I%Application)5 2 wQ &
Draft and Final Environmentlahpact Reports@EIRand FEIRexisting dataand literature In this

document we provide background information, methodologies and approaches used, and discussions
and definitions of the terminology and information availablis document focuses on agses

conducted for CNWR and CHNSRnalyses conducted for LFS and DS are provided in a separate Effects
Analysis dcument dated March 2020.

At the time DWR submitted its ITP Application to CDFW, DWR had completed CalSim Il model runs and
runs of hydrolgic and biological models that incorporate CalSim Il outputs, including Delta Simulation
Model 2 (DSM2), that characterized operations described in the Proposed Project of the DEIR. After
DWR submitted the ITP Application, DWR conducted additional Cal8imdéling to characterize

operations described in Alternative 2b of the Draft EIR. DWR provided preliminary results from the
Alternative 2b CalSim Il runs to CDFW in January 2020 in separate transmittals. After completing
Alternative 2b CalSim Il runs, BRW¥an hydrologic and biological models that incorporate CalSim Il
outputs, including DSM2, to support the effects analysis for Refined Alternative 2b within the FEIR and
the Project Description and associated Conditions of Approval in the ITP. Thesenadiditodel results

were provided to CDFW in separate transmittals and as administrative drafts of the FEIR in February and
March 2020. When analyses conducted by DWR are referenced in this document, they refer to the
Refined Alternative 2b model runs inded in the FEIR.

As part of our analysis, we have considered that Project operations will be consistent with existing water
supply contracts, flood control needs, and certain operational criteria and other actions set forth in the
FEIRUnited Stateg-ishand Wildlife ServicBJSFW33iological Opinion for the Réiration of

Consultation on the Coordinated Operations of the Central V&liejectand State Water Projecssued

on October 21, 2018JSFWS 2019 BiOp; USFWS pad8 the National Marine Fishies ServicéNMFS)
Endangered Species Act Section 7 Biological Opinion oArd&mngperation of the Central Valley

Project and the State Water Proje®tNIFS 2019 BiOPpIMFS 2019)n addition, we consided that the

Project will comply with all applicabdiState, federal, and local laws and regulations in existence or
adopted thereafter the issuance of tH€P as well as State Water Resources Control Board (SWRCB)
Water Rights Decision 1641-{641 SWCRB 200

2. Project Description

DWR will continue to operate the SWP facilities in the Delta and Suisun MarsBWiHiecludes
water, power, and conveyance systems, conveying an annual average of 2.9 millidech@AF)
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of water. The principal facilities of the SWP are Oroville Regeand related facilities, and San Luis
Dam and related facilities, facilities in the Delta, the Suisun Marsh Salinity Control Gates (SMSCG),
the California Aqueduct including its terminal reservoirs and the EM#adota Canal/California
Aqueduct Intetie (DCI), and the North and South Bay Aqueducts. Permittee holds contracts with 29
public agencies in northern, central, and southern California for water supplies from the SWP. Water
stored in the Oroville facilities, along with water available in thé&D@onsistent with applicable
regulations) is captured in the Delta and conveyed through several facilities to SWP contractors. The
SWP is operated to provide flood control and water for agricultural, municipal, industrial,
recreational, and environmentgurposes.

The Project includes operations of the Harvey O. Banks Pumping Plant (Banks Pumping Plant), the Clifton
Court Forebay (CCF), the John E. Skinner Delta Fish Protective Facility (Skinner Fish Facility), the Barker
Slough Pumping Plant (BSPP),$loeith Delta Temporary Barriers, San Luis ReservoiD@ighe

Georgana Slough Migratory Barrier, and Suisun Marsh facilities including the SMSCG, Roaring River
Distribution System (RRDS), Morrow Island Distribution System (MiRSEoodyear Sloughu@all

(GYSO).

The Project is located within the following geographic area (Project Area, See Figures 1A and B attached
to the ITP):

9 Sacramento River from its confluence with the Feather River downstream to the legal Delta
boundary at the | StreeBridge in the City of Sacramento;

1 SacramenteSan Joaquin Delta (i.e., upstream to Vernalis and downstream to Chipps Island); and

9 Suisun Marsh and Bay

Project operations will be in all fidiearing waterways within the Project Area. The northern edge of the
Project Area is located approximately 8.56 km northeast of Knights Landing in Yolo County at
approximately 38.785281 latitude]21.621825 longitude and extends downstream on the Sacramento
River to the Delta. To the south and east the Project Area iadmliby the legal boundary of the Delta.
To the west the Project Area is bounded by the legal Delta, Suisun Marsh, and Suisun Bay.

Project activities contemplated under the ITP are detailed in the permit and include the following:
operations of the Banksuping Plant, Skinner Fish Facility, operation of the South Delta Temporary
Barriers predator control andaquatic weed treatment and removal ifCE Georgiana Slough Migratory
Barrier, Barker Slough Pumping Plant, and operations of the SMSCG, RRDSSrathtVidiher

activities within the Project Area described in the Project Description section of the ITP.

3. List ofCovered Species

The ITP provides Permittee with incidental take authorization for the Project for the following species,
referredtocolled A St & a &/ 2BSNBR {LISOAS&asyY

Longfin smeltCESAisted as Threatened

Delta smelf CESAisted as Endangered

Springrun Chinook salmgnCESAisted as Threatened
Winter-run Chinook salmagrCESAisted as Endangered

b
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4, Covered Species Life History

4.1. Winter-run Chinook Salmon

4.1.1 Listing History

OnSeptember 221989, theCalifornia Fish and Game Commisdisted CHNWRxs endangered under
CESASee Cal. Code Regs., tit. 14, § 670.5, subd. (a)(2Z)tM)Bacramento RivetHNWRevolutionary
Sgnificant Unit (ESU), which includes CHNWR populations in the Sacramento River and its tributaries in
Californiawas listed as threatened under the Endangered SpecieESzipn August 4, 19864 FR

32085) and subsequentlyplistedto endangered on Janua#dy 1994(59 FR 440CHNWR were

reaffirmed as endangered on June 28, 2005 (70 FR 37160) and August 15, 2011 (76 FRCEO44!7).
habitat for CHNWRas been designated from Keswick Dam (RM 882he Sacramento Rivér the

Golden Gate Bridg@ San Francisco B8 FR 33212).

4.1.2 Population Status and Trends

CHNWRpopulatiorswere as high as 120,000 fishthe 1960sput by the 1990s hadeclined to less

than 200 fishi{MFS 201p From 1967 through 200@CHNVRescapement estimates were based on
counts of salmomassing througlthe Red Bluff Diversion Da(RBDDjish ladderdRM 243)Fom 1969
through 1985, RBDD was typically operated throughout the e@i&WRnigration period which

allowed fora completeaccounting oCHNWFRescapementKillamet al.2016) In 1986, the operation of
RBDD was modified to impro@HNWRnigration, with damgates typically raiseftom mid-September
through midMay of the following year to allow unimpeded upstregassage of mosEHNWRxdults
(Killamet al.2016). Beginnin@n 2001,carcass survesyconducted on the Sacramento River by the
USFWSand CDFWeplaced the RBDD counts as the official means to obtain an annual CHNWR
populationestimate(Killamet al.2016) Snce carcass surveys began in 2001, the highest adult
escapement occurred ip005 and 2006 with 15,839 and 17,296, respectively. From 2007 to 2017, the
population has shown a precipitous decline, averaging 2,733 during this period, with a low of &7 adu
in 2011 In 2015, the population wasstimated at3,015 adultsjust slightly above the 2007 to 2012
average, butvell below the high (17,296) for the last 10 yea®DFW 20189). Whilethe 2018 adult
escapement estimatevasalso relatively lovat 2,639 escapement in 201fse to 8,033, the highest
CHNWR population observed since 2006 (CDFW0D@cliningrends observed in CHNWR
populations 2007 througR018 werelikely due to a combination of factors such as poor ocean
productivity, drought conditions from 2007 to 2009, low-tiver survival, and extreme drought
conditionsfrom 2012 to 2016 N\MFS 201p

4.1.3 Extinction Risk

TheCHNWR population i@alifornia consists entirely afsingle spawning population the Sacramento
River. This populatiohas been completely displaced from its historical spawning hahitdpersistsin
a section of the river where cold water habitaidificially maintaned by releasefrom Shasta
Reservoir\illiamset al.2011). Due to limited supply of cold water in Shastargistenceof this
populationis precariougNMFS 2014). USFWeratesa conservation hatchery prografor CHNWFRat
the Livingston Stone Nationklsh Hatchery (LSNHBigated at the base of Shasta Dam. The hatchery
consists oboth an integratedrecovery supplementation program and a captiveodstock program
(USFWS 201)MFS (2019) states tlaerage annual hatchery productionlgBNFHE approximately
216,015 per year (2001 to 2018 average) compared testenated naturaproduction that passes
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RBDDwhich is 2.9 million per year based on the 2002018 averageas cited irPoytress and Carrillo
2011andUSFWQ018).

Lindley et al(2007) developed extinction risk criteria for Central Valley salmonid populations based on
viability parameters for abundance, population decline rate, and hatchery influémdas. latest five

year status review, NMFS concludbé most recent biologicahformation suggests the extinction risk

of the CHNWHESLUhas increased since the last status review largely due to extreme drought and poor
oceanconditions(NMFS 201B). Juvenile CHNWR production was increased at LSNFH in 2014 and 2015
to buffer againsdrought conditions. The increased supplementatappeaedto have been successful
asadult escapement through 2018 met the low extinction risk criterion for abundancesatensus
population size of 2,500however gh extinction risk for the populain was triggered by the hatchery
influence criterion, with a mean of 86hatchery origin spawners from 2016 through 20A&hough

adult CHNWR returns increased in 2018 and 2019, baiselde Lindley et al. (2007) critarithe
populationremainsat highextinction risk in 2019

4.1.4 Adult Migration

Adult CHNWRnter the San Francisco BBstuary(Estuaryjn Novemberto begin their upstream
spawning migration and continue proceed up theSacramento Rivehrough Augustfinally holding
nearspawning areas in the upper reaches of the ridwshiyama et al. 1998IMFS 1998Vioyle 2002)
Boleset al. (1988)citeswater temperatures less tha®s°F(18.3°C) preferabldor adult Chinook salmon
migration, and Lindley et al. (2004) report tiveater temperature acts as a migration barrier and leads
to stress whemeaching70°F(21.1°C).

Adult passage through the upper Sacramento River is well documented by historical observations at
RBDDFrom 19670 1986 yearround operation of RBDprovided acomprehensivanethod of

monitoring passage oéll four salmon run# the Sacramento RivekKilam et al.2016). Historical fish
passage monitoring at RBDD showed that CHNWR entry into the upper Sacramenbz&ivein mie
December and continues into early Augusith peakpassagen mid-March Hallock and Fisher 1985

4.1.5 Adult Strandirg

Adult CHNWRIike other salmonidmigrating through the freshwater environmemequireenough flow

for passageolfactory cuesand adequate water quality and temperature (CDFG 1998). Attraction of
adults into terminal waterwayand migration barriers result idelays or strandng, which ultimately

affects spawning succeddood bypasses and drainage canals are known stranding areas for CHNWR as
documented by CDFVish salvagefforts (Beccio 2016Gahanret al.2016 CDFW2017)

4.1.6 Adult Holding and Spawning

Adult CHNWRentering freshwater arsexually immature antold in cold water pools for several
monthsuntil early summer when air temperatures usually approach tigearly maximum (NMFS 2014
Moyle 2003. Among west coast Chinook salmstocks this spawtiming is exclusive t€HNWRThe
evolution of this spawstiming was dependent upon cold spring water sources generated §laier
and snow melt percolating through porous volcanic formatismsoundingMt. Shasta and Mt. Lassen
which protectedembryos and juveniles from the warm ambient conditions in summer (NMFS 2014
Moyle 2002). These conditions are found jmisg-fed tributaries in the upper Sacramento River
watershed, especially the McCloud Ri{gloyle 2002).
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Followingthe construction of Shasta Dam in 1943NWRost access to their historical spawning
habitat in theupper Sacramento River (upstream of Shasta Dam), McCloud River, and Pjtt River
restrictingthemto a single population inhabiting a relatively small eafater reach just downstream of
Keswick Danfdel Rosaricet al.2013 Yoshiyama et al. 1998} old waterhabitatin Battle Creek, a
tributary to the Sacramento River located at RM 271, historically supported a population of GHNWR
however construction and opation of hydropower facilities led to extirpation of the population.
Current restoration efforts for CHNWR involve reintroducing fish to Battle Creek.

CHNWR, like other spawning salmoniisposit their eggsvithin aredd (nest)dug intothe substrate of
the streambedRedds ar®ften constructedat the tails of holding poolstdult fish have been observed
spawning in water as shallow as 9ddt-deep and in water velocities of 1.2 to 3tk . Optimumredd
substrate is a gravel/cobble mixtuwgth a mean diameter of 1 to #hchesand less than %&fines CDFG
1998).Incubation, hatching, and subsequent emergentéry take placewithin a redd CHNWRpawn

in the mainstem Sacramento River between Keswick DanR&RDNMFS 2014 The alult CHNWR
spawning population isomposedorimarily of age3 fish (91%), but also includes agéish (1%) and
age4 fish (8%) (Fisher 1994verage fecunditjor CHNWRs 3743 eggs per female (Fisher 1994).
Spawning occurs between lafgril and midAugust, wih a peak in June and July as reported by CDFW
annual escapement surveys (20R006)(NMFS2014). The spawning distributiolof CHNWRas
determined by aerial redd survegenducted by CDFWsomewhat dependent on the operation of the
gates at RBD[historically) river flow, andvater temperature(NMFS 2014)n recent year€HNWR
spawning distribution has shifted upstream, asidce2001, most CHNWR redds have occurred within
the first 16 km downstream of Kesek Dam(Doug Killanpersonal communication 1/2020

4.1.7. Redd Maintenance

41.7.1 Temperature Management

The embryo life stage begimgth fertilization, then egg incubation, arehds with fry emergence from
the gravel Within the appropriate water temperature range, eggs normally hatch 40 to 60 afigs
fertilization. Newlyhatched fy (alevins)continue toremain in the gravel for an additional four to six
weeks until the yolk sac has been absorbdFS2014).NMFS2014) descibesCHNWRry emergence
occurring from middune through migDctober. However, recent monitoring kafte spawningCHNWR
(from mid-July to midAugust)oy CDFVguggests fry emergence occurs through October and into early
November Doug Killam personal commigation 1/2020) Water temperature greatly influences the
duration of egg incubation and time of emergence in diffenéwér drainages, with emergence

occurring after the yollsac is absorbed/illiams 200%. Approximately 904,000 thermal units are
required for incubation of Chinook salmon eggghérmal unit = 1°C above freezing x 24 ho(Rgleigh

et al. 1986). Research on incubation survival at constant exposure indicates that the optimum water
temperature for salmonid egg survival ranges fr6+h0°C;complete mortality has been noted at
incubation temperatures from3.9to 19.4£C(UEPA R201).Additionally USEPA (20013uggests that
subsequent mortality may occur in successfully hatched fry from eggs incubated inwedemFor
example, oagulated yolk disease, in which a portion of the yolk coagulates and cannot be absorbed by
the fry,is responsible for much of the mortality of hatched fry reared in higher than optimal water
temperatures (Bolest al. 1988). These effects make water temperature an important environmental
influence on salmon survival.
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Sacramento River temperatures aaificially maintained through cold wateeleases in the summer

from Shasta Reservain order to provideadequatespawning and rearing habitabwnstream Water
temperatures in the upper Sacramento River are the resuilttefactionsamongambient air

temperature water volumewatertemperature at release from Shasta and Tridgms total reservoir
storage locationof reservoir thermoclingratio of Spring Creek Power Plant release to Shasta Dam
release operation ofthe Temperature Control Device @hasta Darnand tributary inflows (NMFS

2014). Ingeneral, water released from Keswick Dam warms as it moves downstream durisgntineer

and early fall months at a critical time for the successful development and survi@éN¥WR embryos

and emergent frNMFS2014). Reclamatiorhas struggled to maintain aadequate cold water pool in
Shasta Reservoir gritically dry water years and extended drought periods in order to maintain suitable
temperatures for CHNWR egg incubatiéry emergence, and juvenile rearing in the Sacramento River
(NMFS 2016b). WhilReclamatiorhas created and implemented improved Shasta Reservoir storage
plans beginning in 2010, the threat of warm wateleases from Shasta Dam remains a significant
stressor to CHNWR, as exemplified by recent extended drought conditions in California from 2012
through 2016, during which water releases from Shasta Reservoir in 2014 and 2015 contributed to 5.6%
and 4.2% egtp-fry survival rates, respectively, to RBDD 8R016b).

In 2017, in response to the low egmHry survival rates during the drought, NMFS submittqu@posed
amendment to RPA Action Suite 1.2 of its 2800p (NMFS 200#¢lated to Shasta Reservoir operations

to address temperatur@ependent mortdity of CHNWFRembryos(NMFS 2017 5pecifically,ie RPA
amendment recommendetemperaturedependent mortality thresholds fa@HNWRembryos based on

water year type as managed through Shasta Reservoir minimum storage targets for the late spring (April
1 through May 31) and end of September ($&FS2017for more detail regarding the recommended
thresholds and storage targets). Additional measures recommended by NMF®)Y29i€duce
temperaturedependent mortality and improve Shasta Reservoir cold watet pmanagement include
improving reservoir, meteorological, and hydrologic modeling and monitaningder to most
STFAOASYyGft e YIyl3aS (KS NB a;habaion NEnditionaktempaiafure | Y 2 dzy U
monitoring stations in theipper Sacramento River to better monitor réahe water temperaturesand
enhancedCHNWRedd, egg, and juvenile monitoring.

4.1.7.2 Dewatering

Stable and continuous river flows are important to the early life history (egg incubatieméogence

from the gravel) of salmonids. If redds are dewatered or exposed to warm, deoxygenated water,
incubating eggand/or larval fish may not surviv®ewatering can occur anytimes&reamflow
reductionoccurs On the upper Sacramento River, the transition from swento winter flow regimes
involves flow reductionfrom September tdtNovember as less water is needed for agricultural purposes
(Revnalet al.2017).Late spawninHNWRmid-July to midAugust)are of particular concern because
redds constructed in shalloareas are susceptibte dewatering undetypical flow reductioractions
undertaken byReclamatiorthat occurbeginningin late August as agricultural water demands decrease
(Revnalet al.2017) In response, CDFW has increased monitoring of shallow GHigulds to allow

near realtime management recommendations to protect redds as flowsrackiced(Revnalet al.

2017).
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4.1.8 Juvenile Migration

CHNWR juveniles primarily express an oewae life history pattern, with juveniles leaving spawning
areas in the upper Sacramento River as@fyinook salmon fry swim or are displaced downstream after
emerging from the graveHgaley $91). Once downsteam movement has commencedfry either
rearin the river br aperiodthat varies from weeks to a year continuesustainedmovement
downstreamuntil reaching the estuame environment (Healey 1991). Withthe stream environment,

fry seek out habitaton channel margins, which providdower water velocities for restingnd riparian
vegetationor other forms of cover that provide avoidance from predators and sources of aquatic and
terrestrial invertebrates for food{MFS 2014)NMFS2014) describesjuvenile salmon downstream
movementasprimarily crepusculamwhile Poytress et a(2014) notes that otary screwtrap (RST)
passage data indicagdry sizeclassCHNWHRexhibit decreased nocturnal passage levels during and
around the full moon phase in the fallarger CHNWR juveniles (including-pneolt andsmolt) appear

to beless influenced by nighttime light levels and much more influenced by changieesamdischage
levels(Poytress et ak014).

There is a growing body of research showing that juveBHNWRItilize diverse rearing habitats before
entering theDelta. JuvenileCHNWHRave been documentedsing nonnatal streams located
downstream of RBDD for reag, andarecent analysis of aduEHNWRtolith strontium isotope ratios
(87Sr/86Sr) revealed that 485% of adults examined reared in nroatal habitats as juveniles (Phillis et
al. 2018; Maslinet al. 1998).

While ephemeral habitat and nematal tributaries of the Sacramento River provide some rearing

habitat for juvenile CHNWR, more than 95% of historical floodplain rearing habitats have been leveed
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from high flows and sediment loads, reduce competition, increase prey availability, and potentially

reduce encounters with predators, all of which can improve rearing conditions and increase growth and
survival ratesJeffres et al. 2008, Moyle et al. 2Q@7mm and Marchetti 2005 ommer et al. 2001).

Benefits of floodplain habitat to juveni@HNWRare discusseturther in NMFS2014), which identifies

the restoration and maintenance of functioning floodplains of an appropriate, scieased width to

maintain ecologically viable flood prone lands.

4.1.9 Juvenile Stranding

JuvenileCHNWRan become strandeds a result of dam operations, storm events, flood control
structures, and other infrastructure that causes abrupt changes in fi®ecio2016 CDFW Q17).
Sudden changes in flow or unnatural flow patterns may inhibit natural migration cues, causitag fish
becometrapped in isolated pools or channels that at higher flows wemenected to the Sacramento
River(Revnalet al.2017) Stranding can lead wirect mortality when these areas drain or dry up.
Indirect mortality can result through increassdsceptibility to preddbn from otters, raccoons, birds,
etc. or water quality deterioration ishallow or stagnant stranding locatio(Revnalet al.2017).

CDFW conducted a juvenile stranding monitoring program on the upper Sacramentativind
summer of 2016 to the spring of 2013ixtynine stranding sitesvere surveyedetween Keswick Dam
(the uppermost limit of anadromy on the Sacramento Rieag Tehama Bridge (a total of 7i8er
miles). CDFW rescuedtatal of 240 juvenil&CHNWRand returnedthemto the Sacramento River. One
adult CHNWRvas observed dead in a stranding p{REvnalet al.2017) CDFW has also documented
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adult and juvenile CHNSR stranding in the Sacramento and Yolo bypasses following Sacramento River
flooding events (Beccio 2016; CDFW 20%if)ce 1958, an estimated 4,515 juvenile Chinook salmon, of

all races and life stages, haleen collected by CDFW staff downstream of the Fremont Weir within the
Yolo Bypass. In the Tisdale Bypass, which feeds the Sutter Bypass, an estimated 440 juvenile Chinook
salmon, of all races and life stages, have been collected downstream of the Tigelai@eccio 2016).

These numbers do not include nrveyed swales and pools within the bypass, as rescue efforts were
limited to the spill aprons and close adjacent areas of the Fremont and Tisdale Weir (Beccio 2016). Itis
likely that significant numbs of stranded juveniles are predated upon prior to rescue and significantly
more juveniles are stranded than have been identified irsurveyed waters within the bypasses.
Juveniles rearing within the bypasses can experience delayed Delta entry wiktr@asie in their travel
distanceif they are not allowed to exit the bypasses on the receding hydrograph of the Tikier delay

may subject juveniles to unfavoralbigdraulic conditions in the Delta. Current Sacramento River
hydrology is flashy, with Ige swings in flow over short periods of time. Fish rearing during high flows
and exiting as bypass inundation subsides can be exposed to decreased flows and survival (Perry 2010
Notch et al. 2020Cordoleani et al. 2019). The deiayDelta entry can alsiessen the benefit of

protections by water operational triggers designed to decrease entertainment of emigrating salmonids
into the interior Delta

4.1.10 Juvenile Passage at Red Bluff Diversion Dam

Emigration of juvenil€HNWRast RBDD may begin aglgaas midJuly, typically peaks in September,

and can continue through as late as March in dry years (NMFS 2014: Poytress et al. 2014; &/dliams
2011). From 1995 to 1999, all juven@&INWRnigrating as fry passed RBDD by October, and all
migratingpre-smolts and smolts passed RBDD by March (Martin et al. 2001). Total annual passage
estimates for juvenil€HNWmRased orRSTmonitoring conducted by the USFWS at RBDD for the period

of April 4, 2002 through September 30, 2013 ranged between 848,978,868,106 juveniles for brood
years200H N MH O ' 0XTcoZoc H 22014} TeBedatacalbrgocimeatthatdni NB a &
average, estimated juveni@HNWRassage at RBDD was composed of 80% fry and 20% pre

smolt/smolt sizeclass fish (Poytresg al. 2014).

OnceCHNWRuveniles pass RBDD, the duration of their residency and habitat use are relatively
unknown due to the lack of reliability of the lengétrdate (LADXriteria (Fisher 1992)sed to
determine juvenile Chinook salmon run (inability to definitively ider@RNWRamongst sampled fish),
and because monitoring farther downstream is less intensive (Willetras2011).

4.1.11 Juvenile Migration Survival
Juvenile salmon mortaiitduring migration to the ocean is a criticamponentof salmon population

dynamics (Williams 2006leat®@ M ppmO @ ¢ KS { I ONI YSy (2 wAgSamma KeéRNJ

releases from Keswick Reservoir gemerally lower than unimpairecbnditionsin the winter and spring
and higher in the summer and f88WRCB 2017juvenile salmonids migrating through altered habitats
may exerienceprolonged exposure to predatoes well aglecreased predator evasion due to stress.
Predation is recognized agpeobable contributing factor in the declines of many populations of both

Chinook salmon and steelheg@ncorhynchusaykisgin/ I t AF2 Ny Al Qa [/ SYdNrf =+l tfS

Numerousstudies havend continue to be conducted in the Sacramento River to understand the effects
of predation on salmonid populations (NMFS 2016b). Based on preliminary results of acoustic telemetry
studies of LSNFH CHNWR smolts from 2013 to 2015, survival rates to the aosdifrom 5% to 12%

18



with the lowest survival occurring in the middle Sacramento River every year (Ammann personal
communication 2015, as cited in NMFS 2016b).

Recent acoustic tagging studigsow that significanmortality of juvenile Chinook salmon occurs
upstream of the DeltgCordoleanet al 2019 Iglesias et al. 2017; Michel et al. 2(dnd 2015; Notclet
al. 2020. Flow has repeatedly been cited as the most important factor affecting overall survival of
Chinook salmon in the Central Valley (Iglesiaal. 2017 Kjelson and Brandes 1984ichel et al. 2015
Notchet al. 2020 Zeug et al. 2014likely because of concurrent increases in habatadl food
availability, temperaturesuitability, velocity and turbidity effects associated with flow that directly
improvesthe ability of juvenilesalmonto avoid predation. Iglesias (2017) found that smolt mortality
during migration in the Sacramento River is spatially heterogeneous, with certain reachasrexhib
elevated levels of mortality. Thindingis likely a result of the dynamic nature of the Sacramento
system and the effects of hydrologic alterations aciihgs302-mile migration corridorModification of
the natural hydrograph, including suppressiof winter pulse flows, has resulted in contraction of
migratory windows, reducing the variability in migration timing, and suppressing full expression of
CHNWRife histories(Sturrock et al. 2015 The resulting reduction in life history diversity abul
significantly reduce the resiliency GHNWRind increase the risk of a temporal mismatch with
favorable ocean conditions (Satterthwaite et al. 2014).

4.1.12 Juvenile Delta Entry

RSTmonitoring conducted on the Sacramento River at Knights Landing §Y @ ovides information

on the timing of juvenile CHNWR entry into the De@BINWR juveniles have been recorded at Knights
Landing as early as August and as late as April, with most catches recorded between October and April
(JasonJuliennepersonal communicatiott/2020;CalFish 2019)Vhile the timing of migratiorvaries
somewhat due to changes in river flows, dam operations, and water yeay g time of entry is
strongly associated with the first high flows of the migration seggehRosaricet al.2013 NMFS

2014). Specificallydel Rosarieet al.(2013) notedhe first day of flows of at least 14,125 cfs at Wilkins
Slough RM118)on the Sacramentaoincided with the first day that at least 5% of the annual total
catch was observedt Knights Landingdbserved differences in timing of cumulative catch at Knights
Landing andChipps Island (the downstream boundary of the Deltdjcate that residence time in the
Delta ranges from 41 to 117 days, with longer apparent residence tionggveniles arriving earlier at
Knights Landinglél Rosaricet al.2013. WhileDelta residency is apparenth¢ importance of the Delta
in the life history of Sacramento RiVeHNWRs not well understoodNMFS 2014).

During their migration, some fish are entrained into the interior Delta. These fish experience increased
mortality and travel times compared to juveniles that maintain course migrating in the Sacramento River
or those that are routed into Steambo&lougha branch of the Sacramento Ri@erry 201QNewman

and Brandes 2010). Tizelta Cross Channel (DCC) and Georgiana Slough are the primary routes of
entrainment to the interior Delta from the Sacramento RivEnieDCds a maAmade, gated canal that

linksthe Sacramento River with the Lower Mokelumne and San Joaquin Rivers. When the DCC gates are
open, water flows from the Sacramento River through the canal to improve poor water quality and

water circulation associated witRroject (and CVREXportoperations Operations of both the Project

and CVP contribute to the routing of CHNWR and other salmomigigting down the mainstem

Sacramento River into the interior Delta through the open DCC gates (NMFS 2016b).
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Much like the DCC, Georgiana Slough is angthreation to the Sacramento River where water flows

into the interior Delta however this waterway lacks a control gate. Sacramento River flows at the
entrance of the DCC and Georgianna Slough are both unidirectional and bidirectional depending on
Sacrameto River flows and tidal oscillatio@HNWRassing the junctions to the DCC and Georgiana
Slough have a potential to become entrained in the interior Delta. When the DCC gates are closed, the
potential is decreased. However, the frlewing Georgiana Sligh remains an opportunity for fish to
become entrained regardless of DCC gate operation

Insteadof CHNWRnigrating directlyalongthe outer Estuarywhen routed through the DCC gates or
Georgiana Slouglhese juvenilegnd upin the highly alterednterior Delta andare subjected to

pollution, increased predation, and altered food webs that can cause either direct mortality or impaired
growth (NMFS 2016b). Routiingo the interior Delta also causes migration delays or entrainment of

fish intoCCFRand thence Project salvage facilities.

4.1.13 Juvenile Ocean Entry

Migration of juvenilesalmonfrom the lower Sacramento River and Delta into San Francisco Bay is
monitored using trawl surveys at Chipps Islad8FWS trawl data collected at Chipps Island shows
juvenile CHNWRaving the Delta fronDecembeito May with a peak in March and Apfilel Rosaricet
al.2013)

4.1.14 Increased LSNFH Production

Due toprolonged extreme drought conditions that resulted in increased water temperatures in the
upper Sacramento River, CHNWR-&gfry survival to RBDD were 5.6% and 4.2% in 2014 and 2015,
respectively (NMFS 2016b)n anticipation of much lower thaaverageegg to frysurvival in 205,
additional adult CHNWR trapped at Keswick Dam were taken into LSNpkbdndtionof juvenile
CHNWR was triple@de., 612,056 released) to offset the impact of the drou@WRCB 20)4in 2014,
LSNFHhatchery production represented@3%of the total inriver juvenileCHNWRproduction(NMFS
2019) Extreme drought conditions persisted througf15,and in that yeaobserved CHNW&ygto-fry
survivalat RBDDOwvas the lowesbn recordat approximately4%due to the inability to release cold water
from Shasta DaniNMFS 2019) SNFH again increased production of CHNWR juveniles to approximately
400,000 fish. Returns of al CHNWRn 2017 and2018 were low, as expected, due to pooiriver
conditions forjuveniles frombrood year 2013 to 2015 during drought ye@8MFS 2019As a
consequence of increased juvenile CHNWR production at LSNFH, the adult population &f 977 fis
2017 was composed of 85% hatcherygin fish while the2018 adultCHNWReturn of 2,639was
composed o0B2.5%hatcheryorigin fish (CDFW 20b9Killam and Mache 201 &illam2019).

4.1.15 Stressors

4.1.15.1 Pathogens

Since CHNWR comprigesingle populatiomvith low abundancenaturally occurring pathogens pose a
greater threat tothis population than to other Central Valley salmon runs. If CHIgggRIation
abundancewere todecline everfurther, the probability would increase that diseasutbreak could
significantly impact the remaining population (NMFS 201Klgyrating juveniles may be particularly
susceptible to the effects of pathogens since those effects may be magnified by environmental changes
that have occurred in the SacrameriRiver and Delta over the last 100 years.
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assess potential disease risk@bINWRry (Foott2016).Results of this study showed thardinel
juvenilelate fall run Chinook salmorCHNLFRexposed to the Sacramento River five days in late
September at Balls Ferry and Red Bluff wiafectedwith Ceratonova shastéC.shastg, an intestinal
parasite of salmonids that is a significaontributor to mortality of fish in the Pacific Northwest
(Bartholomew et al. 1997). An additionagjbty juvenileCHNWRvere collected at the RBDRST
between October 1mndNovemberl9, 2015 and sampled for histological examinati@nshastavas
observal in 15% of thesamples (Foott2016) NMFS (2016b) concluded th@t shastanfection could
haveimpaired survival oémigratingCHNWRry in 2015 a<C.shastais aprogressive disease and the
early stage infections could go to a disease state over time.

4.1.15.2 Contaminants

Contamination can lead to either acute toxicity, resulting in death when concentrations are sufficiently
elevated, or more typically, to chronic sublethal effects that reduce the physical health of the
organism when concentratianare lower (NMFS 2016l)espite improvements to water quality in the
Sacramento River and Delta, water pollution remains a threat for the conservation and recovery of all
runs of Chinook salmon and their habitat (Macneale®@Meador 20B), and manyotentially harmful
chemicals and contaminants of emerging concern (pharmaceuticals) have yet to be addidsed] (
2016).

4.1.15.3 Predation

Predation is an ongoing threat fovenile CHNWREhroughout the Sacramento River and Delta where
both non-native and native species prey on juversl@mon (NMFS 2016b). Alteradd simplified

habitats, thepresence of mammade structuresand altered flow regimemcludingShasta Reservoir
operations andvater diversionsn the Sacramento River and Dettantribute to increased predation

levels by favoring predatory species and predator contact rates with prey (NMFS 2016b). Grossman et
al. (2013) state there is clear evidence juvenile salmon are consumed by fish predatbtsat the
population of predators in tafreshwater migratory corridor of juvenile CHNW¢Rarge enough to
effectively consume all juvenile salmon productiblowever,it is not clear what proportion of juvenile
mortality can be directly attributed téish predation Specifically nithe contect of extrememodification
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avian predatorstemperature and dissolved oxygen limitations, and overall reduction in historical
salmonpopulation sizepredation may serve as the proximate mechanism of mortality in a large
proportion of the populationbut the ultimate causes of mortality and declines in productivitylass
clear(Grossman et aR013) For example, stress caused by hagskironmental conditions or toxicants
will renderfish more susceptible to all sources of mortality including predation, diseagdysiological
stress and Grossman et.gR013)offer that the most productive management strategy for decreasing
predation on Chinoolsalmon and other Delta fishes is to restore natural habitat and flows, especially in
predation hot spots.

4.2, Springrun Chinook Salmon

4.2.1 Listing History
On February 5, 1999, thealifornia Fish and Game Commisdisied CHNSR of thBacramento River
drainageas threatened unde€ESA (See Cal. Code Regs., tit. 14, 8 675.5, subd. (bB¥Oentral
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ValleyCHNSESU, which includé3HNSR populations in the Sacramento River and its tributaries
including the Feather Rivaenasproposeal as to be listed as endangered by NMFS on March 9, 1998 (63
FR 11482), following CHNSR extirpation from the San Joaquin River Basin. During listing review, data
showed that a large run of CHNSR on Butte Creek in 1998 was produced naturally rather tlesalthe

of straying from the Feather River Fish HatchH&RRFH)Subsequently, NMHSted CHNSRS

threatened under theeSAon September 16, 199®%4 FR 50394) and reaffirméuk listing statuson

June 28, 200570 FR 37160During the 2005 status reviewRFHCHNSR were included in the E3U (

FR 3716) Critical habitat folCHNSkcludes the Sacramento River Basin and the Yolo Bypass (70 FR
52488).

4.2.2 Population Status and Trends

The Central Vallegf California igstimated to havesupportedCHNSRuns as large as 600,000 fish
between the late 1880s antPk40s CDFA998).Historically, CHNSRvere the secondnost abundant
salmon run in the Central Valley, occurring in all major tributarigheédelta includinghe SanJoaquin,
American, Yuba, Feather, Sacramento, McCloud, aridveits. Currently, selustaining populations
are limited to Deer, Mill, and Butt€reekswith small populationgound in theFeather andrubaRivers
as well as in Battléntelope, CleaBig Chico, and Beegum Creeks (tributarZtitonwoodCreek)
(CDFG 1998; CDFG 19%03tchery sustained populations are present on the Fed®iegrand San
JoaquinRvers(via the San Joaquin River Restoration Fang SJRRP) (CDFW 28)19

Genetic analyses have shown that natural and hatchery origin CHNSR within Mill, Deer, and Butte Creeks
retain their genetic integrityGarza et al. 200&00d et al. 2006 However, the Feather River

populations have shown introgression frdail-run Chinook salmorQHNFRdue to overlaps in spatial

and temporal run timingvhich areconstrained by Oroville DanCévallo et al. 2011; Garza et al. 2008;

Good et al. 2005).

4.2.3. Sacramento River Basin

NMFS (2016a) concluded that CHNSR run sizes are declining over time, with exceptions in Clear, Battle,
and Butte Creeks which have seen recent growth. Increases in Butte Creek are attributed partially to
extensive habitat rest@tion, including increasing floodplain accessibility in the StBigite Bypass

(NMFS 2016a).

From December 2011 to March 2017, CDFW documented critically low adult CHNSR returns in Mill and
Deer Creeks as a result of severe, prolonged droughts in theeaC¥alley. Populations remained low

with returns below 500 adults for four consecutive years between 2015 and Zb&Sfinal 2018

escapement estimates for Mill and De@reeksvere 152 and 15adult CHNSRespectively CDFW

201%). Preliminary data from 2019 indicate a further decline in adult returns in Mill Creek and a double
in returns in Deer Creek from 2018 to 2019 (CDFW 2019

Additional preliminary data from 2019 estimate 6,252 adult spawners in Butte Creek, 40 adult spawners
in Battle Creek, and more than 60 adult spawners in Clear Creek (Gar2@nFather River adult

returns have increased following the recent drought, from a low of 762 adults in 2017 to over 7,200
adults in 2018. Preliminary data suggests that 2019taétiirns may be double that of 2018 in the

Feather River (NMFS 2019).
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4.2.4 San Joaquin River Basin

TheSan Joaquin Rivenn is suggestetb have onceébeenone of the largest runs @ny Chinook salmon

on the West Coastith estimates averaging 20@0 to 500,000 adultseturning annually CDF@&E990).
However, mturallyproducedCHNSRvere extirpated from the San Joaquin Riverthe late 1940s, with

only remnants of the run persisting through the 1950s in the Merced RYia=hjyama et al. 1998

Thee is some recent evidence of Chinook salmon occurring in the Stanislaus and Tuolumne Rivers,
tributaries to the San Joaquin River; however, it is unclear if these salmon are residuals of the CHNSR
population or if they are strays from other river basifsanks 2013NMFS 2016aNMFS 2019).

As a result of the 200Mational Resources Defense CouNiRD(; et al. v KirkRodgers, et al.

settlement, the federal Implementing Agencies (United States and the Central Valley Project (CVP) Friant
Division contractors) were directed to implemehe SJRR#® established a nonessential experimental

population of CHNSR in the San Joaquin RivembEfiant Dam{8 FR 251SJRRP 2015). NMFS

LINBLI NBR ' Mno20knoRUO NHzZ S LlzNBRdzZ yi G2 GkKIE 9{! &2
minimuswater supply reductions, additional storage releases, or bypass flows on unwilling third

partiesé | nfHe Settlement, third party is defined as persons or entitiagding or receiving water

pursuant toapplicable State and Federal laws; this inclu@®®contractors outside of the Friant

Division ofthe CVP an@&WFcontractors(Pub. L. 11411, 123 Sth 1349 (2009))

4.25 Extinction Risk

In the Candidate Species Status RepGBDFW (1998) cited habitat loss, low diverségtricted range,

and low abundancas major factors contributing to the state listing of CHNSR. The NMFS (2014)
Recovery Plafor CHNSR identified ongoing threats to the federal ESU as small population sizes, loss of
habitat, water operations, climate variation, and low spatial distribution within the Central Valley,
described as lack of diversity groups within the ESU (NMFS. ZU1eke threats have contributed to
declining abundances as well as limited resilience, or the ability of populations to recover after
disturbance and environmental change. This loss of resilience further increases extinction risk of
individual populatios and the ESU.

The few remaining populations of CHNSR are small, isolated, and lack spatial diversity. The three
demographically independent populations of CHNSR, in Butte, Deer, and Mill Creeks, have seen
declining trends in abundance. Dependent populasian other tributaries to the Sacramento River
support few spawners, which appear to be primarily strays from independent populations aRdREig

NMFS (2016a)-$ear Species Review for CHNSR determined that thedb$dirs at a moderate risk of
extinction based on the severity of the drought and lotasservedescapements, as well as increased-pre
spawn mortality in Butte, Mill, and De@reeksn 2015.Declines in escapement data collected in Mill
and Deer Creeks indicate an increased risk that thesspmiadent populations will be atlgigh

extinction risk in the coming year€DFW 2018 NMFS 2016¢eLindley et al. 2007 In response to

declines in escapement, NMFS and CDFW have develapradt #mergencCHNSRction Plapwhich
aims toidentify and outline targeted efforts vital for stabilizing populations most at risk (i.e., Mill, Deer,
and Butte Creeks) (NMFS 2019)
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4.2.6. Adult Migration

Adult CHNSReave thePacific Oceato begin their upstream spawning migration typically at-8gavith
a smaller proportion leaving at agk age4, and, to a lesser extent, age(PalmerZwahlenet al. 2019
NMFS 2000). Boleset al.(1988)citeswater temperatures less thab8.3Caspreferablefor adult
Chinook salmon migration, and Lindley et(@004) report thatvater temperaturereaching21.1°C
(70°F) acts as a migration barrier and leads to strésdult CHNSRnter theEstuary in late January to
begin their upstream migration and continue to proceed up the Sacramento River théctgber
(Yoshiyama et al. 199BIMFS 1998Moyle 2002) CHNSRre sexually immature when they enter
freshwater, with their gonads maturing over the summer holding pe@iddyle 2002;Marcotte 1984).

Migrating CHNSRIilize the Delta, Sacramento River bel&wswick Dam, and tributaries to access their
natal tributaries and find ovesummer holding habitatCDFW and USFWS currently monE6iNSR
salmontributary entry on the Yuba River and on Butte, Deer, Mill, Antelope, Clear, Battle, and
CottonwoodCreeksBased on hydroacoustic and video monitoring in Mill Creek, DWR and Reclamation
(2012) predict adulCHNSRnigration timing near Fremont Weir to occur between January and mid to
late May (Johnson et al. 201 Recent video monitoring efforts in tributarie$ the upper Sacramento

River showCHNSRntry into Sacramento Rivdributaries occusas early as late February and as late as
mid-July with a peak in presence in Magillamet al. 2015 Killam 2012YCWA 2014).

CDFW has documented adult Chinook sailrarhibiting CHNSR migration behavior in the San Joaquin
Basin since the early 2000suring the summer of 2000, 28 adult Chinook salmon were captured using
gill netsin the Stanislaus RivéEDFG 2003Eight of these fish were adipose fin clipped. Edged
wire-tags(CWT) were retrieved, and all showed Feather River orifir @2003)CDFWstaff hare also
observed live adult salmon and recovered adult salmon caesasshe Tuolumne River durirthe
summes of 2006, 2009, and 2013 (CDFW2@4). Videamonitoring has beewperatedat the weir on

the Stanislaus RivéRM 32)since 2003&nd at the weir on the TuolumrRiver (RM 24.5ince 2009.

The main purpose of theeirsis to monitorCHNFRscapementso the weirs arenormally removed in
January following th€ HNFRpawning seasqrhowever, the weirs have occasionally been operated
through JuneDuring thelast 16 yearsthe weir on the Stanislaus River has besperated from

February through Junguring 10of thoseyears.Migrating adultsalmonhave been documented during
that time period on theStanislaus River Bof those 10 yearas summarized belo{lable 1).

Year Number of Days Weir | TotalNumber ofSalmon Number of Cliped Salmon
Operated Februarnjune Observed Observed

2003 0 - -
2004 0 - -
2005 0 - -
2006 145 22 6
2007 0 - -
2008 87 13 0
2009 143 33 3
2010 0 - -
2011 22 6 3
2012 151 115 10
2013 69 6 0
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2014 46 1 1
2015 11 3 2
2016 16 0 0
2017 0 - -
2018 4 2 0
2019 0 - -

Table 1.Stanislaus River Weir Data, Februdune, 2002019. (FishBio 2019)

The weir on the Tuolumne River has been operated during spring in eight of the last ten years. Adult
salmon migration was documented at the weir between February and June in all eaght(Yable 2).

Year Number of Days Weir | Total Number of Salmor Number of Clipped Salmon
Operated Februarnjune Observed Observed
2009 74 17 4
2010 0 - -
2011 144 55 2
2012 113 107 5
2013 96 46 1
2014 57 5 0
2015 103 5 1
2016 0 - -
2017 49 2 0
2018 2 3 2

Table 2. TuolumneRiver Weir Data, Februagune, 2002019 TRTAC ZD)

4.2.7. Adult Stranding

Adult CHNSRnigrating through freshwater requirenough flow folpassage andlfactory cuesas well
asadequate water quality and temperature (CDEER8). Attraction of adults into terminal waterways
and migration barriers results bfelays or strandng, ultimately affecting spawning succeBkod
bypasses and drainage canals are known stranding areas for CHNSR as documented IBShCDFW f
salvageefforts (Beccio 2016Gaharet al.2016 CDFW 2017Adult CHNSHsh killsdue tostranding
have been observed in the Sutter Bypass and on the Sacramento River at the ButteChiiballj®ates
(BSOG; RM 138gcause of poor passage conditions and attraction into the outfall gegspectively
(Garman 2018

Adult CHNSRave been reseed from the Yolo Bypass during low Sacramento River flows (as measured
at Freeport), suggesting tidal related flow fluctuation at the confluence of the Sacramento River and the
Cache Slough complex creates strong attraction cues for migrating adults @DFWAdditionally, the
Yolo Bypass has been identified to increase route timing or prevent access to holding and spawning
habitats for entrained individual&ven flowsfrom the Yolo Bypass/Cache Slough Complex junction into
the Sacramento River (neaWRL4)as low as 1,000 cfs are suggested to attract adult Chinook salmon
and sturgeor(Acipenser sppmigrating to spawning reaches of the Sacramento River and associated
tributaries (DWR 2015). The Yolo Bypass is bordered at the most northern exteset Bsethont Weir,
which acts as a flood relief structure for the Sacramento River. When river stage sioedop of the

weir, water spills oveand inundategortions of the Yolo Bypass. This influences a@ulNSRnigration

by: 1) increasing attraction flows into théoloBypass, 2) providing passage through YtoedoBypass to
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the Sacramento River above the confluence with the Feather River and Sutter Byts€reek, and
3) stranding fish in thé¥olo Bpass as flows reced@resence of adulfHNSRas been confirmed within
the Yolo Bypass throughout their migration window through operations at Wallace Weir anélqusbt
monitoring below the Fremont WeiBgccio 2016Gahan et al. 2016

Flows around Delta water conveyance structures, such as the DCC, have also been demonstrated to
delay or strand adult Chinook salmon attempting to return to natal streams. An acoustic telemetry study
of CHNFRnovement throwghout the Delta highlighted route confusion when interacting with the DCC
and associated flowsn this study adult San Joaquin RiveHNFRvere implanted with an acoustic tag

and tracked as they modghrough the Delta. Individuals interacting with th€D and associated flow
complexity experienced increased travel time to reach the spawning reaches of their natal streams
(McKibbin 2019

4.2.8 Adult Holding and Spawning

Adult CHNSRold oversummer in deep pools as they mature. Historical holding habitaCféNSR
adultsincluded accessible streamabove approximatel,000 ftabove sea level where water

temperatures remaird cool through summer month€CDFW 2018). Due toagricultual diversions

dams, and habitat degradation, holding habitat is oftiemited currently tolower elevations where

managed reservoir releases (e.g., Clear Creek, Feather River) or imported cold water (e.g., Butte Creek)
are provided.

Preferred holding polg are at least 1 to 3.3 m (3 to 10 ft) deep with water velocities between 0.15 and

0.4 m/s (0.5 to 1.3 ft/s) (Marcotte 198Ruckett and Hinton 1974). AdultHNSRrefer to hold in deep

pools with bedrock substrate and avoid cobble, gravel, sand, andiediyesilt substrate in pools (Sato
andMoyle 1989). Target temperatures for adult holdingludea 7-day average of the daily maximum
(7DADM) below 15°C (59°F), with temperatures consistently greater than 20°C (68°F) considered lethal
(UFEPA 2008 However, temperature tolerance appears to differ among populations Gerdral Valley
CHNSRppear to be tolerant of higher temperatures than populations in the Pacific Northwest that
informedthe USEPA(2003)guidelines. Experienced CDFW biologistsking in Butte Creek typically

regard sustained average daily temperatures above 19.4°C (67°F) as the threshold above which disease
pathogens become more virulent and pgpawn mortality increases in holding pools (Ward 2004).

CHNSHRolding habitats on Mii Creek are located betwedRM 18 and 480n Deer CreelCHNSRre

found holding in 3%m of stream below Upper Deer Creek Falls (Killam.&0dl7). Holding habitats on

Butte Creek extend distance of over 13 RiWom the ParrotPhalen Dam to the Quar&owl Pool

where a natural fish barrier prevents further upstream movement (Gar2014). Holding habitats on

the Feather River are limited in the low flow section to &fiPstretch between the outlet of the

Thermalib Afterbay RM 59 to the fish barriedam RM 6§ (PFMC 2019)n the Yuba River, CHNSR

K2f RAya 200dz2NE Ay RSSL) LR2f & o0dzLd 42 nn FSSG Ay RS
R2gyaiNBLryY 2F 9y3ftSoONRIKG 51Y yR ,dzol [/ 2dzyiae 210
2014).

Prespawn morglity of holding CHNS&opears to occur annually in holding habitats (PFMC 2019

Garman 2014).Presspawn mortality is influenced by a wide range of factors including high water

temperature, high population density (i.e., density dependent mortality), amdHabitat availabilityOn
the Feather River, prepawn mortalities are attributed ta lack ofsuitable habitatwith highpopulation

26



densities otholding andspawning adults, botCHNSR and CHNHRiRhabitats adjacent to the hatchery
(PFMC 2019). On BatCreek, elevated temperatures and adult densities are major contributors to
observed prespawn mortality (Garan 2014)

CHNSRpawning begins in miugust and continues through mfdctober,with females lajngan
average of approximately 4,200 eggs iav@l stream bed§CDFG 1998/oyle 2002 Giovannetti and
Brown 2008. On Butte Creek, spawning occurs mid to 18&ptember through OctobePeak spawning
on Butte Creek is the last week in Septembetherfirst week in October, depending on annual
variaton in ambient air temperatures (Garman 2010bserved timing cEHNSRpawning on Deer and
Mill Creekss midSeptember through mig@ctober Johnson and Merrick 20)2Harvey (1995, 1996,
1997) observed spawnirggcurring at higher elevations first Deer Creek, which are the coolest
reacheswith spawningprogresing downstreamover the spawning seasoSimilatCHNSRpawn

timing has been observed on Cleard Battle Creeksand the Yuba River, where USFWS and Pacific
States Marine Fisheries @missionconductextensive monitoring of spawning location and timing.
However, spawning on the Yuba River has been reported as early as September 1 (YCWA 2014).
Collection for theFRFHCHNSRroodstock occurs mieptember through the end of September.

Natural spawn timing oc€EHNSRan overlap wittCHNFR tributaries where both are found using the
same habitatThese areas of overlap include tBacramento River mainstem, Deer Crédil, Creek
and the Feather Rive€CHNFRire found in Butte Creegkut their spawning reaches are located below
those of CHNSRSpawning o€EHNSRnd CHNFRccurring in the same habitat reaches can lead to
density dependenmortality caused byedd superinposition.Density dependent mortaltcandecrease
juvenile production and potentially lead to population level impacts (PFMC 2019).

Spawning and incubation habitat f@HNSRcludes gravel bedded reachesthin Sacramento River
tributaries. Adults ofterspawn in gravel beds near the tail of holding pools, in water depths of 0.25 m
(0.8 ft) or greater (Puckeand Hinton 1974) and water velocities between 0.3 and 1.3(&8 to 4.3
ft/s) (McReynolds et aR006). Preferred spawning substrate is a migtaf gravel and cobble
approximately 2.50 10.0 cm in diameterReclamation 201)ithat contains minimal (i.e., €8 fine
sediment (Kondolf 20Q@Raleigh et al. 1986Dptimal temperatures for spawning are less than 13°C
(55°F) UEPA 2003).

4.2.9 ReddMaintenance

4.29.1 Temperature Management

Water temperature greatly influences the duration of egg incubation and time of emergence in different
river drainages, with emergence occurring after the ysédic is absorbed (Williams 2008pproximately
900-1,000 thermal units are required for incubation of Chinook salmon eggs (1 thermal unit = 1°C above
freezing x 24 hours) (Raleigh et al. 1986). BasedHINSRedd surveys an®STdata from Battle and
ClearCreeks 1,850DuplicantTemperatre Units(DTW)are normally required for development,

emergence, and capture in tiRSTCDFW 2018 Giovannetti and Brown 2008).

Water temperatures are warmer in Butte Creek than in Mill and [@¥eeks Within Butte Creek,
juvenileCHNSHrst appear m late November, with juvenile emergence continuing through January
(McReynolds et al. 2006). However, in Mill and Deexekavhere most adults spawn at higher
elevations, juveniles emerge from January through March, up to six months after the onseairfisg
(Johnson and Merrick 201.2)

27



4.2.9.2 Dewatering

Stable and continuous river flows are important to the early life history (egg incubatieméogence
from the gravel) of salmonids. If redds are dewatered or exposed to warm, deoxygenated water,
incubating eggsnd/or larval fish may not surviv®ewatering can occur anytime a flow reduction
occurs On the upper Sacramento River, the transition from summer to winter flow regimes involves
flow reductionsfrom September tdNovember as less water is nesdtifor agricultural purposeRevnak
et al.2017). Spawnin@HNSREmid-August through migDctobel) are of particular concern because
redds constructed in shallow areas are susceptibldewatering undetypical flow reductioractions by
Reclamatiorthat occurbeginningin late August as agricultural water demands decrg&aynalet al.
2017)

4.2.10 Juvenile Migration

JuvenileCHNSRIilize freshwater rearing habitat in natal tributaries, the mainstem Sacramento River
and its flood bypss system, and the Deltduveniles express greater rearing plasticity compared to

other Central ValleYChinook races characterized by large variation in the size, timing, and age at which
they emigratefrom their natal tributaries to the oceaduvenilesan eitheremigrateto the ocean as fry,
parr, or smoltghe following spring after emergings youngof-year (YOY)or oversummer and

emigratethe following fall, winter, or spring as yearlings (CDFG 1¥48Y. CHNSRically emigrate

soon after emergece as fry and rear fafew months in downstream habitats, such as the mainstem
Sacramento River, accessible floodplains (e.g., Sutter or Yolo bypasses), or th¥@éIaHNSR may
alsorear in their natal habitand out-migrate as parr or smolts.

Juwenile CHNSRayspend from three to fifteen months in freshwatbabitat before emigrating to the
ocean (Johnson and Merrick 2012). This divemsigmigraton timingcreates resiliency to catastrophic
events and is cruciab preservethe integrity ofthe remainingCHNSRopulations.In Butte Creek,
between theParrott-Phelan Diversion Dam and the Sutter Bypass West Borrow Weinitoring sites,
Hill and Webber (1999pund YOY CHNSR residence tina@ging from 67 to 113 days befosalmon
enteredthe Sacramento River near the confluence with the Feather RRMB().

4.2.11 Juvenile Floodplain Use

Inthe Central Valley, more than 95% of floodplain habitats have been leveed and drained, primarily for
flood control or conversion to agricultureuihd et. al. 2010)Floodplains and other off channel habitats
can provide refuge from high flows and sediment loads, reduce competition, increase prey availability
and potentially reduce encounters with predators, all of which can improve rearing corsléiwh

increase growth and survival rateke(fres et al. 2008ioyle et al. 2007Limm and Marchetti 2003

Sommer et al. 2001).

Emigration route selection an@ute availability are variablamong populations of CHNSRveniles
exiting the spawning reackeof Butte Creek as YOY enter the Sutter Bypass and subsequently the
Sacramento River, near the confluence with the Feather Riesvever, exit to the Sacramento River
canalsooccur at theBSOGWhen Butte Creek stage is higher than that of the SacramBinter, the

gates allow Butte Creek water to flow into the Sacramento RiMeese high Butte Creek flows are likely
to coincide with CHNSR presence near the BSOG, allowing salmon entry into the Sacramento River.
Acoustic telemetry data of juvenile But@&reek CHNSR tagged and released at the Pdrhatan
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Diversion Dam demonstrates juvenile salmon entry into the Sacramento River through the BSOG, above
. dzGGS /T NBS1Qa LINAYINE O2yFtdzSyOS gAGK GKS {I ONIY YS

JuvenileCHNSRxiting Deer and Mill Creslalso have alternative routes available to them during
emigration to the Delta. YOOHNSRxit Deer and MilCreekdeginning in Novembewyith peak
emigrationin February and March (Johnsand Merrick2012). Frequently during thegeonths,

increased flow associated with winter storm flows ofrertop the Sacramento flood relief structures
allowingjuvenileentry into the bypass system. Peak emigration for yeakiriNSRXxiting natal steams
occurs October through December (Johmsmd Merrick2012) During this period, the Sacramento
Riverovertopsflood relief weirs less frequentihiowever, if Sacramento River flood flows occur during
the yearlingemigration period, alternative route availability would be similar to those described above

4.2.12 Juvenile Stranding

JuvenileCHNSRan become strandeds a result of dam operations, storm events, flood control
structures, and other infrastructure thause abrupt changes in floBdéccio 2016CDFW 2017).
Sudden changes in flow or unnatural flow patterns may inhibit natural migration cues, causitog fish
becometrapped in isolated pools or channels that at higher flows wemenected to theiver (Rewnak

et al.2017) Stranding can lead to diregtortality when these areas drain or dry up. Indirect mortality
can result through increasextisceptibility to predabn from otters, raccoons, birds, etc. or water
guality deterioration irshallow or stagnarngtranding locationgRevnalet al.2017)

CDFW conducted a juvenile stranding monitoring program on the upper Sacramenta®ivend
summer of 2016 to the spring of 2013ixtynine stranding sitesvere surveyedetween Keswick Dam
(the uppermost limitof anadromy on the Sacramento Rivand Tehama Bridge (a total of rger

miles). A total 0f19,892juvenile CHNSRvere rescued and returned to the Sacramento Riteven

adult CHNSR or CHNFR webserved dead in a stranding pd&evnalet al.2017) CDFW has also
documented adult and juvenile CHNSR stranding in the Sacramento and Yolo bypasses following
Sacramento River flooding evenBecio 2016; CDF#2017).Since 1958, an estimated 4,515 juvenile
Chinook salmon, of all races and Btages, have been collected by CDFW staff downstream of the
Fremont Weir within the Yolo Bypass. In the Tisdale Bypass, which feeds the Sutter Bypass, an estimated
440 juvenile Chinook salmon, of all races and life stages, have been collected downsttharistlale
Weir (Beccio 2016)These numbers do not include-gorveyed swales and pools within the bypass, as
rescue efforts were limited to the spill aprons and close adjacent areas of the Fremont and Tisdale Weir
(Beccio 2016)it is likely that sigficant numbers of stranded juveniles are predated upon prior to
rescue and significantly more juveniles are stranded than have been identifiedsurueyed waters
within the bypassesluveniles rearing within the bypasses can experience delayed Defjavétit an
increase in their travel distangethey are not allowed to exit the bypasses on the receding hydrograph
of the river. This delay may subject juveniles to unfavorditdraulic conditions in the Delta. Current
Sacramento River hydrology is figswith large swings in flow over short periods of time. Fish rearing
during high flows and exiting as bypass inundation subsides can be exposed to decreased flows and
survival (Perry 203MWotchet al. 2020 Cordoleanket al.2019). The delai Delta erry can also lessen

the benefit of protections by water operational triggers designed to decrease entertainment of
emigrating salmonids into the interior Delta
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4.2.13 Juvenile Delta Entry

The timing ofCHNSR juvenilntry into the Deltais highly varible. Williams (2006) suggested Delta

entry timing can range from December to May, and that the timing and age at Delta entry appears to be
influenced by the timing of winter high flow events. Johnson and Merrick (2012) found large ramhber
yearlingCHNSRntering the Sacramento River from Mill and D€eeeksn October and November.
CHNSR ark and recapturéased studies on Butte Creek suggest that rearing versus migratory behavior
can be highly variable between individuals within the same brood yeanar$s water years and that
emigration cues can be both flow and temperature related. While a portion of the emigrating

population may leave Butte Creek as fry, another portion of the population may decide to rear in Butte
Creek for extended periods andtenter the Sacramento River until May or June. Some individuals
were observedrearing for 80 days and those that exhibited this behavior tended to rapidly emigrate
through the DeltaKlill and Webber 1999Vard et al. 2004a, 2004b, and 2004€or Mill, Deer, and

Butte Creeksjuveniles appear to be entering the Sacramento River during periods when conditions are
not always ideal for reémgor downstream migration.

/| 5C2 Q& Yy A BRXpiogranj dng/tiavl ¢ind beach seinenitoring provide information on
juvenileCHNSR movement through the lower Sacramentoiatadthe Delta (Julienne 201&Villiams

2006). These monitoring programs show that the timing of entry intoDéka is highly variable, ranging
from November to May. A high proportion of juveniles have been observed entering the Delta earlier
in the season as fry in wet years compared to dry years, and this variability is thought to be influenced
by timing of winter high flow events (Williams 2006).

As discussed abovetine Delta Entry section for CHNWR, CHNSR are subject to emigration delays,
entrainment, impaired growth, and direct mortality while migrating through the Delta due to routing
through the DCC gates and Georgiana Slough, and into Project facilities.

4.2.14 Juvenile Ocean Entry

The seaward migration of juvenil@HNSRom the lower Sacramento River and Delta into San Francisco
Bay is monitored using trawl surveys at Chipps Island between April and June. This monitoring suggests
that the various juvem@ CHNSHRfe histories and rearing strategies culminate in average saltwater entry

in the spring, with mean monthly catch at Chipps Island peaking in April or May (BeaartibtcLain

2003; Williams 2006)Juveniles entering the Delta prior to this poimedikelysearchingor places to

rear and grow prior to saltwater entry.

4.2.15 San Joaquin River Restoration Program

CHNSRize juveniles (determined usitige Delta Model lengtkat-date criteria (Delta Model LAD

criteria; USFWS 199Mave been capted at Mossdale trawl on the San Joaquin River since 1988
(Murphey 2018). Some experts speculate these juveniles are not CHNSR, but rather the progeny of
CHNFR with increased growth rates. Genetic analysis would be required to verify that these fish are
CHNSR. Since the implementation of the SJIRRP, CDFW has recovered CWT juvenile salmon marked as
released from the SIRRHRFHish released at Interim Salmon Conservation and Research Facility)

during the CHNSR emigration time period. The majority of thekenfere recovered in April, indicating

San Joaquin River CHNSR juveniles migrating into the south Delta prior to May (DEWTBB

coincides with CHNSR juvenile movement in the northern basin.
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On April 92019, the SJIRRP recovered the first adult Rikince the program implementation. A total

of 23 adult CHNSR were captured in April and May 2019 in the restoration program area. In the same
year, 11 more adult salmon were recovered at various locations in the lower San Joaquin River in May
and June (&phin et al 2019). Tlesedata may indicate some success in the restoration program and the
potential for a developing CHNSR population on the San Joaquin River in the future.

4.2.16 Stressors

4.2.16.1 Hatchery Influence

Historically, whereve€EHNSRnd CHNFRopulationsoverlapped(as described abovedhey were

temporally segregated and genetic integrity was maintained. However, because of difficulties associated
with holding adults over summer the hatchery CHNSHsh were left in the river until spawning, which
presumably led to mixing wit@HNFR the hatchery (Williams 2006).

FRFHCHNSRhay affect diversity through(1) introgression wittCHNFRIueto overlap in spawn timing;
(2) straying oFRFHCHNSto naturalorigin CHNSRpawninghabitat; and (3) disproportionately high
levels of returnng spawners in comparison to natwaigin fish (NMFS 2016a).

4.2.16.2 Competition and Hybridization with FalRun Chinook Salmon

In the Candidate Species Status RepBRFG1998) referencedmpacts from competition and
hybridization as factaraffecting the ability ofCHNSR survive and reproducd-ollowing the
construction of dams, which blockéiistorical habitain the Sacramento and San Joaquin River Basins
CHNSHRegan spawning in the same reaches whekNFRistorically spawned, increasing cpstition
and hybridization between the runs.

Additionally, historical hatchery practices contributed to hybridization betw€eiNSR and CHNFR

Genetic analysshave demonstratedsubstantialintrogression between theunsat the FRFHnd in the
Feather Rigr (Hedgecock et al. 2001; Hedgecock 2002). The California Hatchery Science Review Group
reviewed hatchery practices and recommended strategies to reduce competition and hybridization
within anadromous fish hatcheries and between hatchenginandnatura fish (CA HSRG 201RWR

and CDFW have incorporated many of these recommendations for spawning and release protocols at
the FRFHDWR also plans to provide spatial separation within spawning grounds with the installation of
a segregation weir in the loflow channel of the Feather River.

In an effort to better refine genetic assignments, NMFS Southwest Fisheries Science€iemtiy
developed assays for new genetic markgpecific to Central Valleghinooksalmon based omigration
timing. Thesenew markersare anticipated tchelp distinguishCHNSR in the Central Valley from those
introgressed with-eatherRiver CHNF®Avis et al. 200)7These markers will provide a crucial tool for
hatchery management, by increasing tlesolution of monitoring of hatchery and natural origin CHNSR
in the Feather River Basin and Delta.

4.2.16.3 Contaminants

Contamination can lead to either acute toxicity, resulting in death when concentrations are sufficiently
elevated, or more typicallychronic or sublethal effects that reduce the physical health of the organism
whenconcentrations are lower (NMFS 2016b). Despite improvements to water quality in the
Sacramento River and Delta, water pollution remains a threat for the conservation ancreas all

runs of Chinook salmon and their habitat (Macneale®@Meador 20B), and many potentially harmful
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chemicals and contaminants of emerging concern (pharmaceuticals) have yet to be addressed (NMFS
2016a).

4.2.16.4 Predation

The Candidate Spes Status Report (IFG 1998) states that predation may be a factor in the decline of
CHNSR. Predators of juvenile Chinook salmon include avian species (e.g., cormorants, gulls, terns,
mergansers, egrets, herons, osprey), native fish (e.g., pikeminnowjrscsteelhead) and introduced
species (e.g., striped bass, catfish, shad, black baB$)@ 1998) arge marine mammals (e.g., harbor
seals, sea lions, killer whales) are known to prey on adult sa{f@DRG 1998)Predation is a natural
phenomenon that an be increased to unsustainable levels by human activities such as trarerin
structures (e.g., diversions, bridge abutments, docks, riprap banks), changes in water management that
lead to warmer water temperatures, introduction of nonnative specieg.(submerged aquatic

vegetation clams, nomative predators), and changes to habitat such as diking and dredging. While it is
1y26y GKFIG KAIK NI GSa 28LRINBRE(IAAYZRZODINI B ORRL Y
do not scale with predtor density (Michel et al. 201&brams 1993Zeug et al. 2019). It is unknown
whether predation has a population level effect on CHNSR or whether removing predators would have
an appreciable effect on juvenile salmon surviTélere imnot enough evidene to determine if

predation has increased or decreased since listing of CHNSR, despite considerable research interest in
the topic.

4.3. Importance of Life History Diversity for Chinook Salmon
I FEATFT2NYALF Q& [/ Sy sotedmmostirubistoShativedthigodk-salingod in théwdrid, and
experiences some of the most extreme climatic variations in North Amekgca result, Chinook salmon
in the Central Vallegxhibitexceptionallydiverse lifehistory traitscompared to other sicks

particularly with respect to adult immigration and juvenile emigration timiidgaley 1991; Sturrock et
al.2019bp ¢ KA & @ Li2chidiriBuges th gopulatioF sbstainabilignd abundance by distributing
risk throughout the run and reducingtia specific competitiorfHealey 1991; Greene et al. 2010;
Carlson and Satterthwaite 2011; Sturrock et al. 20A8Yitionally,genetic and lifehistory diversity is
important for species angopulation viabilitybecausegenetic and phenotypidiversity. 1) allow a
species to use a wider array of environmergprotect species against sheterm spatial and temporal
changes in the environment, and 3) provide the raw material for survivingtemg environmental
change (NMFS 208p Restoring and maintaiimg this diversity is critical, especially as climactic
conditions become more unpredictable as a result of climate changespatially and temporally
varyingenvironmentsuch as the Central Valley

CHNSR juvenilesinemigrate to the ocean asubyearings, including fry, parr, and smolts, during the
spring, or ovessummer and emigrate the following fall, winter, or spring as yearlings (CDFG 1998).
Juvenile lifehistory diversity is particularly variable within Deer and Mill Creek CHNSR populations
because they spawn over a large elevational range (1,200 to 5,203 feet) which results in significant
variation in the duration of egg incubation and timing of fry emergence in the watershed (Johnson and
Merrick 2012). As a result, depending upon the elevatibwhich an adult female spawned, CHNSR
juveniles from a given brood year may emigrate as\gedrlings from January through June, or as

yearlings the following fall, winter, and spring (Johnson and Merrick 2012). In the Central Valley, juvenile
Chinook shlnon sampled in various locations throughout the Sacrame®da JoaquiRiver systems are
classified by race usirige LAD criteriaKisher 1992based upon projected annual growtDiverse
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juvenile lifehistory expression, slow growth ratesdvariable eénigrationtiming can resultn Deer and

Mill Creek CHNSR juveniles being misidentified. Specifically, fall emigrants (yearlings) often are
incorrectly classified aSHNLFBr CHNWR, and a significant portionYSDYCHNSR are classified as
CHNFRrad CHNLFR (Johnson and Merrick 2012). The inability to correctly identi§rédikand Deer
Creek CHNSR juveniles in the freshwater environment has significant management implications with
respect topreserving life history diversity.

Sacramento River GHVR also exhibit diverse juvenile life histories. CHIjIWéhiles primarily express

an oceantype life history pattern, with juveniles leaving spawning areas in the upper Sacramento River
and emigrating afry inthe latesummer or early falRSTmonitoring by theUSFW&t RBDD (RM 243)

for the periodof April 4, 2002 through September 30, 2013 docuneelthat on average, juvenile
CHNWRassage was composed of 80% fry and 20%sprelt/smolt sizeclass fisi{Poytress et al. 2014)
Emigration past RBDD begins in July and lastdMatch the following yearwith 75% of average annual
passage occurring by midctoberwith sporadic pulses of smolts through Mar@oytress et al. 2014)
RSTmonitoring on the lower mainstem Sacramento River at Knights LandM@9.5) is used to inform
entry of CHNWRuveniles into the tidal delta environmenEHNWRuvenileshave been recorded at
KnightsLanding as early as August and as late as April, with most catches recorded between October
and April Jason Julienne personal communication 1/2028tFish 2019)lel Rosario et al. (2018pted

that substantialvariation in pealpassage of CHNWR juveniles at Knights Lamgisgtrongly

assaiated with the first high flows of the migratiaeasonwith flows of at leastL4,000 cfsat Wilkins
Slough RM 11§ coincidng withthe first day that at least 5% of the annual total catdfCHNWRvas
observed Similarly Poytress et al. (2014)escribeghe significance of first flush of the season based on
the relationship between river discharge, turbidity, and fish passage andhibdmportance of the first
storm event of thefall or winter periodin triggering juvenile fish migratiorcnnot be overstated.

While spatial and temporal juvenile Chinook salmorfHitgory diversity in the Central Valley is revealed
through RSTmonitoring, studies of otoliths recovered from adult Chinook salmon document that
spawning populations of Central Valley Chinook salarercomposed of individuals reflecting diverse

early lifehistory strategies (Cordoleani et al. 20Fillis et al. 2018; Sturrock et al. 2019DgerCreek

and Mill Creek CHNSR otolith research conducted by Cordoleani et al. (2018) highlighted multiple
juvenile rearing strategies contributing to adult Milteekand Deer Creek CHNSR populations, with the
contribution of different strategies being different among years. These studies also documented diverse
habitat utilization and nomatal rearing, addintp existing research highlighting the importance of
maintaining a portfolio of juvenile life history strategies in Pacific sal(f@yaene et al. 2010; Carlson

and Satterthwaite 2011; Schroeder et al. 2015).

NMFS (2008) emphasizes thanportance of consrving thegenetic and phenotypidiversity of

salmonid populations byl) protecting key components of the environment to which they are adapted,
includingallowing natural process of disturbance and regeneration to occu2apdeventing human
caused dkrations which couldeduce fithess byeakeringthe adaptive fit between a salmonid
population and its environment or limit a population’s ability to respond to natural selecliorenile
salmon mortality during emigration to the ocean is consideredti&al phasecontributingto overall

adult salmon population dynamigklealey 199;1Williams 2006)

Thehydrology of the major Central Valley rivers and Delta Haen highly modifiedDam releases on
the major riversare now generallynuchlower than unimpaired conditions in éhwinter and spring and
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higher in the summer and falhind exports in the Delta remove up to 50% of the freshwater from the
system during certain time period€loern and Jassby 201tton et al. 2017a; SWRCB 2017)
Modification of the natural hydrographncluding suppression of winter pulse flows, has resulted in
contraction of migratory windows, reducing the variabilityeimigrationtiming, and suppressing full
expression of juvenile Chinosklmonlife histories. Additionally, the changes in timing and magnitude
of flow combined with water diversions negatively impacts rearing habitat, connectivity, and ecosystem
processes to which salmon have adap(ebbyd et al. 2004; Lytle and Poff 2004; Flitcroft et al. 2019)
hence native species may be poorly equipped to survive new flow rediPadiset al. 1997; Poff and
Zimmerman 2010)The resulting reduction in life history diversity could significantly reduce the
resiliency of the Sacramento River: (i S NsEokir&Riebk salmonruns and increase the risk of a
temporal mismatch with favorable ocean conditioi@atterthwaite et al. 2014).

Supporting life history diversity requirasbroad migratory windovhat includes both early and late
migrants, available rearing hit throughout the migratory corridor, and sufficient flow to support
migration, habitat connectivity, and ecosystem processes in freshwater habitats andhsttiaey

(Bunn and Arthington 2002; Montagna et al. 2002; Greene et al. 2010; Poff and Zimm20d2;

Carlson and Satterthwaite 2011; Schroeder et al. 2015; Goertler et al. 2018; Hall et al. 2018; Phillis et al.
2018; Flitcroft et al. 2019; Sturrock et al. 20).9

5. Take and Impacts of the Taking on Wintain
and Springrun Chinook SalmoiRRouting, Rearing,
and Survival

5.1 Introduction

JuvenileChinook salmomearing and migratiomccurs downstream of natal Central Valley rivers and
tributariesin the Tidal Estuary and bayglél Sacramento River downstream of the | Street Bridge in
Sacamento, the Delta, and the Suisun, San Pablo and San Francist@/Magsll et al. 201Y The use

of the Delta and San Pablod&anFranciscdays by juvenilCHNWR and CHNBRighly variable

among years and even betwedownstream migrant groups during a single y@afindell et al. 201Y.
Naturalorigin CHNWRuveniles can migratiato the Delta as early as September (Schaffi@80) and
have been observed leaving the DedttaChipps Islanttom January to April (Dekar et al. 2013), although
some may residnto May (Windell et al. 201Y. In years with large precipitation storms and subsequent
flow events on the Sacramen®ive in the late fall, a bimodal pulse of downstreda@PHNWRnigrants
occurs (del Rosario et al. 20Mindell et al. 201Y. The initial pulsef CHNWRypically follows the first
large storm in November or December, with a secpuatse in the FebruarthroughMarch period when
those rearing upstream of the Delta are cuediigratedownstream and into the San Francisco Bay
(Dekar et al. 2013srael et al. 2018NVindell et al. 201). Inyears lacking earlseason precipitation
events, theCHNWRulse tends tde unimodal, with the majoritpf BayDelta entry occurring in the

late winter and early spring months (Israel et al. 208&ndell et al. 201y For CHNSRYilliams (2006)
suggested Delta entry timing can range from December to May, and that the timinggenat Delta

entry appears to be influenced by the timing of winter high flow evehts C2 Q&4 YYABRKGA [ | YRA
program and trawl and beach seingnitoringshow that the timing of entrgf juvenile CHNSIRto the
Delta is highly variable, ranging fronodember to May(Julienne 2016)A higher proportion o€HNSR
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juveniles have been observed entering the Delta earlier in the season as fry in wet years compared to
dry years, and this variability is thought to be influenced by timing of winter high flomtey&/illiams
2006).

Juvenile salmon migration timing is influenced by habitat opportunity@phcity in thdower
Sacramento River system, Delta, and bagysvell as hydrologfindell et al. 201Y. Connectivity within
the tidalwetland network affectsnigration route selection and timinigr juvenile Chinook salmon
(Windell et al. 201). Artificialstructures can delay migrants and result in a mismatoenefronmental
cues and migratiotiming adaptations (Schaller et al. 20M/indell et al. 201y CHNWRfollow flow

cues to initiate migration downstream (e,@astKnights Landing), with large migratory pulsesurring
coincident with the first large storm event of the winter season (del Rosaad 2013 Windell et al.
2017). However, their resience period within the tidal system befomeoving to the bayse.g., past
Chipps Island) varies, with residence time within the Delta ranging from 41 tdals7(del Rosario et al.
2013 Windell et al. 201, Additional variation in migration timingnay result from temporabariability

in habitat opportunity(Windell et al. 201}, For example, when large floodplain areas are available in
periods of higtflow, such as when the Fremont Weir overtops and juvenile salmon can diomggain
areas in theyoloBypassCHNWResidence time may increagé/indell et al. 201Y. Delta residence
timesalso depend on size when entering thelta (del Rosario et al. 20\8/indell et al. 201).

However, delayednigration in the mainstem channels of the Delta haodieen observed (Michel et al.
2012 Windell et al. 201Y. Human modification of the Delta has resulted in a channel netwtakno
longer operatesacross predictable gradients for native fish and provides unnatural cues and routes for
migration(SFEASC 2014 Windell et al. 201).

In the interior Delta, longer travel times and lower survival have lmumented (Brandes and McLain
2001, Newman and Brandes 201Perry et al. 2010Windell et al. 201). In onestudy,survival
probabilities werenegatively associated with water exports, suggesting that waxgorts affect
migration by increasing the risk of entrainment, although the authors notertraty more years of data
would be needed to precisely estimate the export effect (NewmanBuachces 2010 Windell et al.
2017). In the @ntral Valley there isevidence for diverse juvenile migratory phenotymesitributing to
the adult population (Miller et al. 201Gturrock et al. 201;8Vindell et al. 201Y. However, studiealso
show that biocompxity among adult returns has beseverely reduced such that annuaturn rates
have become highly correlated in recent years, threducing basirwide populationstability and leaving
Central Valleysalmon populations more vulnerable to extremeents Carlson andbatterthwaite 2011
Windell et al. 201)Y. An important contributor to reduced biocomplexity of adrdturns has beethe
homogenization of juvenile otrigration timing promoted by hatchery and otheranagement
practices (Lindley et al. 200@/indell et al. 201). Planned wetland restoration is expected to diversify
rearinghabitat in the Delta and increase variation in @uaigrant timing and population stability
(Windell et al. 201Y.

Juvenile Chinookagmon survival rateduring rearing and mgrationare influenced by number of

factors, including hydrologyigration corridorsand rearing habitats near water diversions increase the
risk of entrainmentrelated mortalityfor juvenile Chinook salmafwindell et al. 201Y. uvenile salmon
entrained into the south Deltaxperience a diminished ability to navigate out towstide ocean due to
confusing navigational cues from altered hydrology, changes in channel network configaradion
water quality gradients, and impairmente sensory systems from contaminarfi¢/indell et al. 201).
Juvenile salmoarriving in the southern end of the Delta are at risk of entrainment inSi&P and CVP
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export facilities {Windell et al. 201). Each of these pumping plants has a fialvage faility to protect

fish from entering the pumping intakeand recent research suggests that once juvenile salmon enter
the southern Deltasurvival can be higher for fish captured in B¥Psalvage facilityTracy Fish

Collection Facilitydnd rereleasednore seaward (Buchanan et al. 20¥8indell et al. 201Y. However,

little information exists to support this hypothesis and data on pestase survival of salvaged fish is
scarceThissuggestion that survival is higher through the salvage pragisshighlightsthe extremely

poor survival ratef juvenilesin the south Delta, which is hypothesized to result from poor rearing
conditions (such as low refudnabitat and food availability) and high predation r{8kindell et al. 201).

The population levabenefit (if any) of salvage is uncertain. Furthermore, only a subset of entrained fish
issalvaged, and an even smaller subset of these fish survive the salvage process. Mortality rates prior to
salvage can be high due to predation or poor water qualityd@ions, and handling can cause stress

and injuries that reduces both short and letegm survival.Trucking juveniles from the salvage facilities
in combination with Delta water operations likely contributes to significant adult straying and
anthropogeng structuresalong adult migratory routemay increase stranding riskhich is substantial

in stilling basins or deegreas of weirs that are full of water aftdoodwaters recede (Sommer et al.

2005 Windell et al. 201). Stranding can alsoccurafter flooding of largdloodplain areas (e.g., the Yolo
Bypass) and riparian areas as the hydrognagaedes Windell et al2017 Nagrodski 2011 EIsewhere

in the tidal riverDelta, a myriad of water diversions exists for local agriculture, most ofweinecun
screened (Moyle and Israel 2005), and mortality from these diversions may be sigrificeugt some
seasongWindell et al. 201).

Juvenile salmon growth in thiédal Estuary is influenced by water temperature, foadailability, and
inter- and ntra-specific competition\{/indell et al. 201y. Juvenile salmon metaboliates are

influenced chiefly by water temperature (Bradford and Geen 1992, Beakes et aj \E0idell et al.
2017. In thelower Sacramento River and Delta, water temperature \&awiéh air temperature, flow,
and habitat type (Wagner et al. 201Windell et al. 201). Shallow tidal wetland and floodplain habitats
are generallyvarmer than leveed river channels (Sommer et al.2200indell et al. 201Y Warmer

water temperatures and longewater residence times in these areas boost productivity and retention of
zooplankton and aquatimsect prey (Schemel et al. 2008hd result in faster growthates in juvenile
salmonidscompared to steep, armored river channelsif8ner et al. 2001, Jeffres et 2008 Windell

et al. 2017. Juvenilesalmon densities and intrguild competitor densities influence food availability
(Windell et al. 201). As such, highensities of hatchery salmon can have a negative impaciabural
juveniles, which hakeen shown taccur during years of poor ocean conditions (Levin et al. 2001
Windell et al. 201).

5.2 Effects of South Delta Export Operations on Juvenile
Salmon Rearing, Routing, arfthrough-Delta Survival

This section focuses dake of juvenile CHNWR and CHN&R related impacts of the taking oearing,
routing, and througkDelta survivaldue to Project effects oDelta hydrodynamicsThese Projeet
related hydrodynamichangesnay reduce the suitability of the Delta feupporting successful rearing
andmigration includingby routing and entrainment of fish into the interior Delta, increasing the
susceptibility of fish to predation, and increasing their exposure to poor water quality conditions
Beginning in Sectiod¢ Minimization of Take and Impacts of the Taking on Wintgr Chinook Salmon
and Springun Chinook Salmon Rearing, Routing, and Thrddegjta Survival ahis Effects Analysise
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discuss minimization of these effects as a result of implementation of Gonsliof Approval included in
the ITP

Project effects tdelta hydrodynamics may impgctvenile salmonid migration timing and duration
behavior, and survivdhrough the DeltaKey drivers of Delthydrodynamics aréreshwaterinflow, SWP
and CVRxportsfrom the south Delta export facilitiegperations of the DC@nd the presence or
absence of the Head of Old River Bar(ldORB). fese drivers interact with tidal influences over much
of theinterior and southern DeltaDuringday-to-day SWP and C\perations, these drivers are often
correlated with one anothefe.g, exports tend to be higher at higher San Joaquin River inflows) and
regulatory constraints on multiple drivers may simultaneously be in effect. The modelxitgofative

2b versusExisting Conditionis the FEIReflects those realities and, while those scenarios are
appropriate forProject analyss, they have limited value for evaluating the isolated effects of one driver
versusanother.

The FEIRtilizes a single concept, velocitiianges at distributary junctions, to evaluate the effects of
Projectexportson entrainment of fish into the interior Delta, and concludes based on a DSM2 analysis
that Project export operations have little to no effect on velocity changes at distripjactions;

therefore, no impact on routing, rearing, and throufrelta survival of juvenile CHNWR and CHNSR. This
single concept underlying the analysis does not account for the complex and diverse life history
strategies of CHNWR and CHNSR nor dodlewt &or full evaluation of the true and total impact, direct
and indirect of Project operations on CH®&#fed salmonids.

The analyses used ithe FEIRely primarilyon CWTsmolts andacoustically tagged hatcheGHNLFR
smolts in addition toother methodsto evaluate routing and througbelta survival of CHNWiRd
CHNSR, and include

1 Delta Hydrodynamics (based @eug and Cavallo 2014 and SST 2017)

1 Delta Passage Model

1 Survival, Travel Time, and Routing Analysis (SanddBisbased orPerry et al. 2018)
1 San Joaquin Rivé@rigin SpringRun Chinook Salmd®tructured Decision Model

All of these analyses utilize modeling from Calimhich incorporateshe operations of both the SWP
and CVPThus, Delta hydrodynamic impacts discussed here include the combined impacts of the SWP
and CVP.

These analyses have some applicability fa@leation of routing of juvenile salmon into the interior

Delta and througkDelta survival based on north Delta inflow for highly mobile emigrating CHNWR and
CHNSR smoilts which transit the Delta in approximately seven days, but these analysgsaanesful

in evaluating Project effects aratural CHNWRand CHNSR fry, parr, and smolts which rieahe Delta

and omprise the bulk of these populations. These effects have not been quantified previously in the
FEIRand to our knowledge cannot currently be quantified based on a lack of empirical data. Thus, the
impact of Project operations on rearing, routing, and throdgita survival of juvenile CHNWR and
CHNSR is likely greater than that quantitatively estimatetie FEIRAS stated irSST (201 7%yith

respect to both the SWP and CVP

Water export operations contribute to salmdnnortality in the Delta via direct mortality

at the facilities, but direct mortality does not account for the majority of the mortality
experienced in the Delta; the mechanism and magnitude of indirect effects of water project
operations on Deltaortality outside the facilities is uncertain
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TheFEIRIoes not quantify the contribution WP and C\Mperations to the total mortality of juvenile
salmonidsAs stated in SST (2017)any of the mechanisms through which changes in Delta
hydrodynamicsand other factors related t&WP and S\perations may contribute to salmonid
mortality (e.g., change in vulnerability to predation in Delta channels, change in migration routing,
reduced fitness due to impacts to rearing habitat and food webs, anddtapia ecosystem processes in
the Estuary) are uncertain.

As further stated in the SST (201 Atimates of direct mortality (e.g., mortality resulting from pre

screen losses and lossedaitver and salvage facilities, which are directly relatedi#er project

export facilitie3 have been developed fro@WTdata by several authors and show, in general, that the
magnitude of direct loss (e.g., percentage of a marked release group observed in fish salvage) is typically
low for juvenile Chinook salmon (tyailly less than approximately 1%). However, such estimates do not
includeexportinducedmortality prior to enteringthe facilities that is indirectly related t8WP and CVP
operations (e.g., mortality resulting fromater projectchanges in habitat). Estates of direct facility

mortality as a proportion of total migration mortality have been as high as 5.5@Hd\WRnd 17.5%

for Chinook salmon released in the San Joaquin fdearg et al. 20145ST 2017)

It is unknown whether equivocéihdings regarding the existence and natafea relationship between
SWP and C\Xports and througtDelta survival is due to the lack of a relationship, the concurrent and
confounding influence of other variables, or the effect of low overall survivacent year{SST 2017)
Further analysis of available data, as well as additional investigations to test hypotheses regarding
export effects on migration and survival of SacrameRigerand San Joaquin River origin salmonids
migrating through the Deltare needed to address these data gaps (SST 28aif)e of these data gaps
will be filled through ITP requirements to support ongoing monitoring, implement new monit@my
new science (Conditions of Approval 7.5.1, 7.5.2, and 7.5.3 as well as 8.6.6).

5.2.1 Rearing
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conducted due to a lack of empirical data. Currently, thiera need for additional monitoring and

science to bolster oururrentunderstanding ofnatural juvenile CHNWR and CHNSR behavior, habitat

utilization, feeding strategies, occupancy, residence time, use of tidal surfing/selective tidal stream

transport, predation effects, lontgerm routing, and other aspects which would be necessarpapulate

life cycle models or other methods to enable quantitative evaluation.

Individual rearing fish entrained into the interior Delta are subject to tidal forcing and may move

through the San Joaquin River into the channels of Old and MRildbes(OMR) as well as other

channel junctions in the reach, rather than moving towards the western Delta. Juvenile CHNWR and
CHNSR from the Sacramento River basin have been observed in salvage at the Skinner Fish Facility and
Tracy Fistracilityin the south Delta (seeéSection7.3.4¢ Historical Loss of Juvenile Chinook Salmon at

the Salvage Facilitidzelow)verifying that juvenile CHNWR are present in the waterways leading to

these facilities. Due to extensive tidal movement and the reverse flowitwih main channels (Old

and Middle Rivers) leading to the export facilities due to Pragg&ports juvenile CHNWR may disperse

into many of the waterways adjacent to the export facilities, including those waterways that contain the
three south Delta agigultural barriers (Old River, Middle River, and Grant Line Canal).

While BayDelta waterways function as migratory corridors for CHNWR and CHNSR smolts, they provide
holding and rearing habitat for each of these species as well. Juvenile salmonids tegidheor
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rearing for several months during the winter and spring before migrating to the marine environment.
Natural juvenile CHNWR can spend from three days to three months rearing and migrating through the
Delta to the mouth of San Francisco BByardes and McLain 2001; MacFarlane and Norton 2002)
During the period that juvenile CHNWR are moving through alternate routes, they utilize the Delta for
rearing.del Rosario et al. (2018)und that CHNWR are present in the Delta for an extended period of
time, with an apparent residece time ranging from 41 to 117 days, with longer apparent residence
times for juveniles arriving earlier at Knights Landing. Studi&tuinyock et al. (2015ndMiller et al.
(2010)show that for Central ValleHNFRsizeable fractions of the adult escapemant made up of

fish that left freshwater and ented theestuarine environment as fry or parr life stages in addition to
the expected smolt life stag®iller et al. (2010jound that among the parr and fry life stages leaving
the freshwater environment, a large fractioBSoof parr and 55%60f fry migrants) spent time rearing in
the brackish waters of the BdYelta region. Similar life history diversity strategies likely exist for
CHNWR and CHN@Hitcroft et al. 2019and need to be evaluated through a comprehensive {targm
monitoring program to provide sufficient data for analysis of Project impacts on juvenile CHNWR and
CHNSR rearnnin the Delta.

Analyses that rely on parameters for migrating fish versus rearing fish to characterize Project impacts on
CHNWR and CHNSR will likely underestimate take. Specifically, quantitative evaluations of routing and
throughDelta survival are priarily based on CWT and acoustic tag data for large hatchery smolts which
are highly migratory and exhibit Delta transit times averaging approximately seven days. Application of a
sevenday transit time is not well suited for analyses involving rearing Wtich compriséhe bulk of

annual natural CHNWR and CHNSR as they spend extended periods of time in the Delta.

As stated in SST (201i#e broad conceptual modealeveloped by the South Delta Salmonid Research
Collaborative Efforpredicts thatSWP andCVRoperations could affect juvenile salmon migration timing,
migration rates and route selection, and locations of rearing and habitat use in the tributaitieenced

by SWP and CVP operations such as the Feather, American, Sacramento, and Stargstearsdelta.
Operationshave the potential to constrain life history diversity as a result of altdriayeam flows,

export operations, and other habitat conditions by favoring one type of life history attribute over others
(SST 2017Yver time, this can represent a selective pressure that reduces diversity within a population
and population abundanc(sST 2017Yhe cumulative effect dBWP and C\MBperations on juvenile
salmonid mortality in and beyond the Delta, in relatiorotber stressors, is a major gap in our
knowledge(SST 2017)

As describedh Sections 6.4, 6.6, 6.7, 6.8, and B.9nore detal below, Conditions of Approval 82,
8.18,819,8.20,9.1.1,9.1,2.1.3,9.1.3.1, 9.1.3.2, and 9.1.3a3 the ITPminimizethe effects of the
Project on earingof juvenile salmon into the south Delta and salvage facilities.

522 Routing

5.2.2.1 Delta Hydrodynamic Assessment and Junction Routing Analysis
52211 Delta Hydrodynamic Assessment and Junction Routing Analy$isnter-run Chinook
Salmon

To assess potential hydrodynaneitects of Project operations on juvenile salmon routitheg FEIRiIsed
hourly DSM2 HYDRO outputs to identify Delta channels exhibiting velocity changes under Refined
Alternative 2b and Existing Conditions scenarios. The analysis is stratified by veatsmpgeand by the
three seasons when juvenile salmonids are present in the Delta (fall, winter, and s@aigil
modeling indicates that inflows to the Delta from the Sacramento and San Joaquin Rivers generally
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would not be appreciably different ued Refined Alternative 2b and Existing Conditions scenarios. In

the Delta, the largest hydrodynamic differences between Refined Alternative 2b and Existing Conditions
scenarios that may influence juvenile salmonids odogin the south Delta result fronthanges to

spring export rates and the HORB.

Between September and November, velocities inititerior Delta (between Highway 4 and north to

the San Joaquin River mainstem) are generally similar between Refined Alternative 2b and Existing
Conditions scerrios. The largest velocity changes are apparent near the HOR. Under Refined
Alternative 2b, no barrier is in place at this location and, therefore more water is flowing into eastern
Old and MiddIeRvers, increasing velocities in these channels. Velaaditiehe mainstem San Joaquin
River both upstream and downstream of the HOR exhibit few differences in critical, dry -thetoval,

and abovenormal water years. In wet water years, the absence of the HORB causes moderately
increased velocities upstream duslightly decreased velocities downstream of the HOR under Refined
Alternative 2b. Exports proposed for fall months (particularly November) lead to slight velocity changes
in the south Delta near the export facilities. Flows in toaith Delta are tidali(e., bidirectional), and
velocity changes in this region reflect both slightly stronger negative velocities and slightly weaker
positive velocities.

Between December and February, exports between Refined Alternative 2b and Existing Conditions
scenarios & similar and the HORB is not installed. Velocities throughousahth andinterior Delta

are largely unchanged in winter months between the Refined Alternative 2b and the Existing Conditions
scenarios.

Between March and May, velocities in therior Delta (between Hwy 4 and north to tH&an Joaquin
Rivermainstem) are generally similar between Refined Alternative 2b and Existing Conditions scenarios.
The largest velocity changes are apparent near the HOR. Under Refined Alternative 2b, no barrier is in
place at this location and, therefore, more water would flow into eastern Old and Middle rivers,
increasing velocities in these channels. Velocities in the mainstem San Joaquin River both upstream and
downstream of the HOR exhibit increasing differencdah wietter water year types. These differences

are due to the absence of the HORB under Refined Alternative 2b. The lack of HORB causes moderate to
large increases in velocities upstream of the HOR, and slight to moderately decreased velocities
downstream d HOR. Thesinpact occur because the presence of the HORB cresdtgdraulic head

that slows upstream velocities and thispactis stronger with higher San Joaquin River flows. Exports
proposed for spring months (particularly April and May) lead to some velocity changessoutheDelta

near the export intake facilities. Minimahpact are apparent in critically dry years, light to

moderate velocity differences occurred in the Old and Middle rivers immediately north of the export
facilities during wetter water year types. Velocity changes associated with spring exports under Refined
Alternative 2b do not appear to extendtthe interior Delta. Flows in theouth andinterior Delta are

tidal (i.e., bidirectional), and experelated velocity changes observed in these regions reflect both

slightly stronger negative velocities and slightly weaker positive velocities.

Delta hyrodynamicdmpactsidentified in the FEIR analysilude the combinednpact of the SWP
and CVP. TheEIR states th8WP responsibility for Delta water operations during the September
through May period evaluated above is approximately6296 dependingn the month and water year

type.
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CWTand acoustic tag studies suggest relatively few juvenile Chinook salmon entering the Delta from the
north will be exposed to velocity changes observed indtgth Delta with Refined Alternative 2b (e.qg.,

less than 1% oEWTfish were found in salvage; Zeug and Cavallo 2014). Fish passing througbGbre D
Georgiana Slough and continuing to migrate westward in the mainstem San Joaquin River will
experience no @ocity changes likely to influence their survival or behavior. Fish that move southward
enough in the Old and Middle River corridor to reach areas of altered velocities may be more likely to
continue moving toward the export facilities and become vuln&db entrainment. However, velocity
changes that could occur in ttepring and falare not likely to affecCHNWRecause mosCHNWRare
expected to have exited the Delta by April and May and are not generally present in the region in
September and Noveber.

5.2.21.2 Delta Hydrodynamic Assessment and Junction Routing Analy§sing-run Chinook
Salmon

Whenconsidering changes in flow proportiampacts, it is important to consider when juvenile salmon

of various races may be present in the DeliavenileCHNSRre present in the Delta between

November and early June with a peak in A@iWTand acoustic tag studies suggest few juvenile

Chinook salmoentering the Delta from the Sacramento River would be exposed to velocity changes

observed in the south Delta under Alternative 2b (e.g., Zeug and Cavallo 2014). Joi#H&ntering

the Delta from the Sacramento River and passing througlbiiér Georgiana Slough and continuing

to migrate westward in the mainstem San Joaquin River would be expected to experience no velocity

changes likely to influence their survival or behavior. Fish that move southward enough in the Old and

Middle River corridor tweach areas of altered velocities may be more likely to continue moving toward

the export facilities and become vulnerable to entrainment. Though the geographic footprint of velocity

changes is relatively small, greater exports under Alternative 2b ddyndjand May could affect a

greater number ofCHNSRuveniles than under the Existing Conditions scenario, with this season

generally coinciding with the peak of juven@&INSR migration

ForCHNSRom the San Joaquin River basin, the absence of theBH®DRer the Proposed Project and
Refined Alternative 2b causes relatively large differerige®locities in the mainstem San Joaquin River
between approximately Mossdale and Stockton. Velocities upstream of the HOR are higher under
Alternative 2b (withouHORB) and have the potential to be beneficial to juvenile Chisalakon and
steelhead by increasing their migration rate. This increase in velocity occurs when HORB is not installed
because the presence of the HORB creates hydraulic head that slowsaurpstelocities and thinpact

is stronger with higher San Joaquin River flows. However, velocities downstream of the HOR under
Alternative 2b are reduced and may offset the potential benefit of increased velocities upstream of
HOR. The absence of HORB urlésrnative 2b will allow more San Joaquin River origin juvenile
salmonids to pass through Old River and the Grant Line Canal and approach the export facilities. While
this routing increases entrainment risk for these fish, avail@WéTand acoustic tagtudies indicate

survival in this region is very poor generally and not adversely influenced by export rates (SST 2017).
Entrainment at the CVP has been observed to yield higher thrddgta survival (via trucking) than

volitional migration through the 8lta by other routes, even with positiveld and Middle RiveQMR
conditions (Buchanan et al. 2018; SJRGA 2011, 2013). Though entrainment has the potential to increase
during April and May due to increased exports under Alternative 2b in these montbsgtihDelta

survival of juvenil€HNSRriginating from the San Joaquin River basin may not be impaired by these
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operations, relative to the Existing Conditions scenario (see also the analysis below based on the San
Joaquin RiveOrigin Springun ChinookSalmon Structured Decision Model).

¢ KS Quadiom fdting analysis for the HOR junction indicates the proportion of flow moving into

the Old River route and toward the CVP and SWP export facilities and is relevant for jOHMBER
emigrating from tke San Joaquin River basin. Thus, lower flow proportion values indicate decreased flow
toward the export facilities. Flow proportion into the Old River varied by month and water year type.
Differences between Alternative 2b and Existing Conditions scenaei@sapparent in November, April,

and May. For these months, flow proportion into the Old River route is higher under Alternative 2b in all
water year types, but the differences were clearest and most substantial in redawal and drier

years. In Apriand May of dry years, flow proportion into the Old River route was 40% greater under
Alternative 2b than under the Existing Conditions scenario. Results for April and May in wet, above
normal, and belownormal water years were highly variable for the BrigtConditions scenario because
placement of the HORB was variable under wetter conditions (the barrier was assumed not to be
installed at Vernalis flow >5,000 cfs). This change in flow proportion indicates juvenile salmon
approaching the Delta from the 8doaquin River basin during April and May are much more likely to
enter the Old River route under Alternative 2b than under the Existing Conditions scenario.

JuvenileCHSNRYriginating from the Sacramento River basin would not encounter the HOR juiaettbn
would therefore not be affected by these differences. No juve@HNSRre expected to be emigrating
from the San Joaquin River basin in November, so differences in this month do not have biological
significance. All juvenile salmon emigrating frore an Joaquin River basin must pass through the HOR
junction. Thus, Alternative 2b is expected to result in an increased proportion of juvenile salmon passing
through the OId River route. However, recent acoustic tagging studies indicate no differencevals

for fish migrating through the OIld River route relative to fish continuing through the San Joaquin River
route (Buchanan et al. 2018). It is also important to note that although Alternative 2b does not include
installation of the HOREEHNSRuvenies may receive some ancillary protection during April and May
from the risk assessmeiiiased approach for OMR flow management included in Alternativai2th as
required by Conditions of Approval in the It would be undertaken for other species.

Delta hydrodynami@ampactidentified in the FEIR analysilude the combinednpact of the SWP
and CVP. TheEIR states thBWP responsibility for Delta water operatiahg&ing the November
through June period evaluated above is approximately-60% aepending on the month and water
year type.

5.2.2.1.3 Discussion oDelta Hydrodynamic Assessment and Junction Routing Analysis
Conclusions
With respect torouting of CHNWR and CHNSR originate in the Sacramento River drainage in
relation to Project dects, the FEIR analysis concluttest although more salmoimn the Oldand Middle
River corridor may bentrained under Alternative 2b than under Existing Conditienssainment from
the Sacramento River into the interior Delta is similar between roytingtions due to similar
distributary velocitiesHowever, these resiudshould be interpreted with cautiobhecausehe FEIR
analysis does not consider all variables affecting entrainment of juvenile salmonids into distributary
junctions as these data atienited due to lack of current scientific information on the subject
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The FEIRBf ASa 2y GKS /2t 062N} (A JSSamBridiSéopid Feam (ST IS Y Sy
2017report (SST 2017 justify itsuseof velocity changes to evaluate routing behavior. As stated in the
ITPApplication

A foundation for assessing féeld effects has been provided by work of @alaborative

' RFLIWGAGS alyl3aSySyid ¢SkFyQa 6/!tac¢ov {lfY2yAR {02
thorough review of this subject and defined a drilmekageoutcome (DLO) framework for
ALISOATEAYI K2g o GSNIJ LINE 2 S ardjuveridsshlinomid eadior 6 G KS &
O0KS afAyl11Fr3S¢0 FyR LRGOSydGArtte OFr.dzaS OKIy3Sa
¢tKS {{¢ O2y Ot dzZRSR It GSNBR &/ KIyySt +St20A0eé¢ I
hydrodynamic mechanisms by which exports anerrinflows could affect juvenile salmonids in

the Delta.

However; Table-d of SST (2017)JNB @A RSa (KS 5¢Ihe REYRBYWISYXN@a F2NJ ! y I
y20Sa GKFG aSOSNIt LRIOGSYGALFf & etk NOR v (125ddB0Re YaSCH
DANBOGA2YéS AyOfdzZRAY3I LISNDOSYy(ld LRAAGAGS Ft263 o (S
source/origin of watemwere not analyzedAdditionally, Table 2F {{ ¢ OHAMTUO LINRJARS:
5[ h /2YLRySyida FT2NI !ylfearaéd IyR y208a notklI & GKS ¥

analyzed

9 Drivers
o Water quality (e.g. temperature, dissolved oxygen, salinityhitlity, contaminants)
0 Hydraulic residence time
0 Smaliscale hydrodynamics as affected by structures/bathymetry
1 Linkageg Physiological and behavioral responses to hydrodynamic or water quality conditions,
gradients, or variability such as:
0 Rearing
0 Active svimming
o Energy expenditure
0 Selective tidal stream transport
1 Outcomes
o Timing of Delta entry
0 Delta residence time
0 Rearing location

SST (2017) also referenc@avallo et al(2015)which concluded that the proportion of flow entering a
distributary junction was the best predictor of routirgccounting for 70% of observed variance in route
selection. Similarly, th8ST (201 #efers toresults of fineresolution acoustic and hydrodynamic
monitoring in the Sacramento River at Georgi&taughto demonstrate the ability to predict route
selection of juvenile salmonids based on the location of theifithe channel crossection and the
hydraulic streaklines showing the proportion of the river flow entering the slough (DWR Eai#jng

at a junction depends on instantaneous flow fields and velocities at the junction in three dimensional
space, the spatial distribution of fish as they enter the region of the junction space, and the individual
behavior of the fish to the environmental vables it encounters in this space. In the vast majority of
instances, there is little or no data that can be provided with the available tools at hand, in a way that
allows for evaluation and quantification of the specific hydrodynamics at a given jonbtitight of the
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absence of this information, the proportional routing of fish can be estimated based on lerger
hydrodynamic measures assuming a uniform arrival of fish at the junction throughout the averaging
period. Other routingstudies evaluatehe concept of critical streaklingvhich is a more detailed

evaluation of flow split described in Cavadloal. (2015) that includes fish positiof critical stre&line
mearsthat fish on one side of the streakline are more likely to move into distaibies(streams that

branch off and flow away from a maitem channel)r weirs on that same side of the channel (Paty

al. 2016 Stumpner 2018). While there are numerous factthrat affect the channel position of the

critical streakline at any channel junction, it is apparent that the higher the percentage of total flow that
enter distributaries, the farther into the channel the critical streakline reaches.

Given the number ofariables hypothesized to affect entrainment into distributaries leading to the
interior Delta, including those not analyzed in SST (2017), the focus BElRen Project effects to
velocity changes at these junctions as determined by DSM2 modelinghdoésly capture potential
effects of Project operations on CHNWR or CHNSR. This is particularly highlighte da$Tt(207)
finding that:

The Delta Simulation Model 2 (DSM2) may be useful for assessing how exports from the South
Delta, river inflows, barriers, and tides can influence the magnitude, duration, and direction of
water velocities and flows within channelgp&nding on its accuracy relative to validation for
specific areas and time scales. Howevesmibute velocities and flows estimated from DSM2
have been found to vary substantially from measured conditions and timing related to tidal
conditions (Appendi€, Pages-T4 through €31) and were not found to be accurate for
assessing fish fates and behaviors at specific times and locations which would require direct
measurement of flows in the field, or the application of simulation models depending on the
temporal and spatial resolution needed to support analyses of specific hypotheses or
management questions.

The extensive work bigerry et al. (2018)arallels this concept, although in much greater detail for the
Sacramento River adjacent to tBECQates. Higher flows in the Sacramento River mute the tidal effect
and less flow anfewer fish enterthe DCQoute when the gates are open. Hydrodynamic conditions
downstream of the junction have more pronounced riverine characteristics when flows are high, and
there is less tidal influence in the area of the junction

SST (201 Fyrther states:

. SOlFdzaS GKS NRdAziAy3d aRSOA&AA2YyEé 200dz2NBE |G GKS
conditions at the time of arrival (includj tidal effects), rather than daily or longerm average

flows, affect the outcome. On the mainstem San Joaquin River, especially in the tidal reaches
downstream of the Head of Old River, flow changes due to the tides are greater than flow
changes dued export rates. One way which high San Joaquin River inflow may improve through
Delta survival is that it moves the region of tidal influence farther downstream and may lead to
flow conditions at junctions that reduce routing into the interior Delta. @aceptual model

assumes that individual fish will enter the junction space over a discrete period of time (daily)
and that daily net flows (tidally averaged in tidal regions) will influence the pattern of flow
dispersal at the junction over the diurnaldictycle in which the fish is present in the junction
space. Stronger downstream flows (more positive daily net flows) will move the tidally influenced
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zone farther downstream, and the junction will have less water flowing into it, either by
magnitude or dration.

SWhPoperations including botthe storage of water in Lake Orovilighich reducedlow in the

mainstem Sacramento Rivend export operationswhich increase the percentage of flow diverted

from the Sacramento River into the interior Deltae likely to increaseouting andentrainment into

the interior Delta.SST (2014nd the ITRApplicationboth conclude that negative export effects

increase with proximity to the export faciés. SpecificallySST (201 70tilized acoustic taglata from

San Joaquin River release locations to evalsatgh Deltaeffects and south Delta routirgnd

concluded that survival is poor for fish near the export facilities. Althabgbe routing resultsvere

more applicable taCHNFRnNnd steelhead originatinfjom the San Joaquin drainagie conclusion is

also applicald for Sacramento River basin origin CHNSR and CHNWR that become entrained in those
areas of the south Delta.

Asdescribed irSections 6.2, 6.3, 6.5, 6.7 and ®nore detail below, Conditions of Approval9.1,
8.9.2,8.17,8.2(9.1.3,9.1.3.1, 9.1.3.2and 9.1.3.2f the ITPAMinimizethe effects of the Project on
routing of juvenile salmon into the south Delta and salvage facilities.

5.2.3 ThroughDelta Survival

5.2.3.1 Delta Passage Model

¢ KS @#8alysisQfihrougiDelta survival for juvenile salmonids uses the Delta Passage Nkl
whichintegrates operational effects of the Existing Conditions Atlidrnative 2bscenarios that could
influence throughDelta survival of migrating juvenile i@hok salmon smoltdzunctions included in the
DPMincludereachspecific flowsurvival and flow travefime relationships, flowouting relationships,
and export survival relationshiffhe DPM integrates operationahpact of the Existing Conditions and
Alternative 2b scenarios that could influence throtigalta survival of migrating juvenile Chinook
salmon smolts, including Sacramento River CHNWR.

The results ofi K S ©BMsho@dibe interpreted with cautiorSpecifically, the results should only be
considered relevant, with caveats, for natural CHNWR and CHNSR that have reared upstream and are
rapidly transiting through the Delta as smolts, as well as hatchery CHNWR and CHNSR smolts released
upstream of the Delta. The DPM daest evaluate routing anthrough-Delta survival for rearing natural
CHNWR and CHNSR populatithrad spend extended periods of time in the Delhese individuals

comprise the majority of these populations.

For CHNWR and CHNSR smolts rapidly transiting the Bialajal estimates generated by the DPM are
not intended to predict future outcomes. Instead, the DPM provides a simulation tool that compares the
effects of different water management options on smolt migration survival, with accompanying
estimates of unertainty. The DPM was used to evaluate overall threDgfta survival for the Existing
Conditions and Project scenarios. Again, the DPM is a tool to compare different scenarios and is not
intended to predict actual througelta survival under current outure conditions. As with other

methods found in theC 9 Landlyais, it is possible that underlying relationships (e.g.-flowival) that

are used to inform the DPM will change in the futufkere is an assumption of stationarity of these

basic relatbnships to allow scenarios to be compared for the current analysis, recognizing that it may be
necessary to rexamine the relationships as new information becomes available.
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5.23.1.1 Delta Passage Model ResulfdVinter-Run Chinook Salmon

Across the 8%ear simulation period, mean througbelta survival was 0.2% greater for Alternative 2b
(28.5%, 95% CI 1544.2) relative to the Existing Conditions scenario (28.3%, 95% @KL5)9 Survival
was greater under the Existing Conditions scenario for 24e8P years and greater under Alternative
2b in 37 years. Differences in individual years were generally small (< 1%) with the largest difference
occurring in 1975 when survival was 1.9% higher than under the Existing Conditions scenario.
Confidence interals for throughDelta survival overlapped between scenarios in all years.

For all scenarios, mean survival rates tracked water year type with the highest value in wet years and
the lowest value in critical years. In each water yge, meansurvival was slightly higher under
Alternative 2b, relative to the Existing Condition. However, 95% confidence intervals overlapped
substantially between survival estimates. The largest difference between scenarios occurred in below
normal years when measurvival under Alternative 2b was 0.32% higher than the Existing Conditions
scenario.

ThroughDelta survival impacts as represented by BieMinclude the combined impacts of the SWP
and CVP. TheEIR states that th®WP responsibility for Delta water opébns during the main winter
spring (~Decembeahrough April) period of CHNWRentry into the Delta is approximately 20% to 60%

5.2.3.1.2 Delta Passage Model ResultsSpringRun Chinook Salmon

Across the 8%ear simulation period, mean througbelta suvival was 0.4% greater under the Existing
Conditions scenario (26.4%, 95% CI| #45) relative to Alternative 2b (26.0%, 95% CI-44.7).

Survival was greater under the Existing Conditions scenario for 58 of the 82 years and greater under
Alternative 2 in 16 years. Differences in individual years were generally small (< 1.5%) with the largest
difference occurring in the 1975 model year when survival under the Existing Conditions scenario was
1.9% higher than under Alternative 2b. Confidence intenalshifrough-Delta survival overlapped

between scenarios in all years.

For both scenarios, mean survival rates tracked water year type with the highest value in wet years and
the lowest value in critical years. Mean throuBklta survival was greater for thexisting Conditions
scenario relative to Alternative 2b in all but critical water year types. The 95% confidence intervals for
survival estimates overlapped between scenarios in each water year type.

ThroughDelta survival impacts as represented by DM include the combined impacts of the SWP
and CVP. TheEIR states thBWP responsibility for Delta water operations during the spring (~March
throughMay) period ofCHNSRntry into the Delta is approximately 20%60%

5.2.3.2 Survival TravelTime, and Routing Analysis (STARS, Based on Perry et al.
2018)

TheFEIRNncludes an analysis of througbelta survival for juvenile salmonids using the STARS Model

based on Perry et al. (2018), whiclaistochastic, individual based simulation model desgyto predict

survival of a cohort of fish thaxperience variable daily river flows as they migrate through the Delta

from the Sacramento RiveThe results of STARS should be interpreted with caution. Specifically, the

results should only be considereelevant, with caveats, for natural CHNWR and CHNSR that have

reared upstream and are rapidly transiting through the Delta as smolts and hatchery CHNWR and CHNSR

released upstream of the Delta. TB®Mdoes not evaluate routing and througbelta survivafor

natural CHNWR and CHN®&RBr Projectrelated effects tahe behavior and life history diversity
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displayed bythe majority ofthese populations which spend extended periods in the Delta. Further, t
statistical model of Perry et al. (2018) providesitéu analysis of througidelta survival as it considers
the effects of Freeport flows and DCC operatibaosdoes not includesouth Delta exports. Thus, the
modeling results presented herein are insensitive to any difference in exports between the ssenario
being considered. Detailed methods and results for the STARS model are presdreed et al.

(2019)

52321 STARS Model ResulidVinter-Run Chinook Salmon

Although the STARS analysis considered survival, travel time, and routing, the discessiofolbuses
on differences in survival because the survival calculations integratestlovwal relationships, travel
time, androuting of fish into different parts of the Delta with varying survival.

The STARS model results suggest little differempeddicted througkDelta survival ocCEHNWRetween
Alternative 2b and Existing Conditions scenarios, except for juveniles migrating before December. Given
that most individuals appear to migrate into the Delta with early winter flow pulses (del Rosailio et

2013) that may coincide with closure of the DCC, this may limit the potential for some of the early
emigratingjuvenileCHNWRo find their way to the south Delta and potentially be entrained at the SWP
export facility. Historically, a relatively low proportion of juver@lelNWRire salvaged (Zeug and Cavallo
2014). Therefore, the differences between the Existing Condition@#athative 2b scenarios in
emigrationsurvival, as influenced by routing (entrainment into the interior Delta) and travel time, are

not considered a substantial impact on temigrating CHNWPRopulation.

The analysis of through Delta survival, routingl #ming as represented by the STARS model reflect
combined SWP and CVP operations. FB&R states that theWP responsibility for Delta water

operations during November when differences in survival were most pronounced is approximately 50
60% dependingmthe water year type. Also noted previously, STARS is not capable of evaluating the
indirect effect of the Project on rearing and survival which is likely many times greater than the effect of
direct take via salvage aralss at the export facilities.

5.2.3.2.2. STARS Model Ressilt Springrun Chinook Salmon

As described for CHNWR, the STARS model provides an assessment of potential Project effects on
juvenile CHNSR emigrating from the Sacramento River through the Delta (Perry et al. 2019), albeit
somewtat limited in considering only the effects of Freeport flows and DCC operations.

Runspecific analyses are not conducted using the STARS model. Rather, a daily analysis of juvenile
Chinooksalmon entry into the Delta was conducted from Octob®ough Jure, which encompasses the
CHNSHRnigration period. However, the discussion of the STARS model resutsildBRonsidered the
months of November through May based on the time period when they could potentially rear and
emigrate from Delta.

The analysis rewaed that overall, there generally was little difference in predicted survival between
Alternative 2b and Existing Conditions scenarios. Specifically, the STARS model results suggest little
difference in predicted througibelta survival o€EHNSRetween Alternative 2b and Existing Conditions
scenarios in all months of the emigration period in all water year types, except for juveniles migrating
before December. Although the STARS analysis showed decreases in Chinook Salmon survival under
Alternative 2b associated with entrainment into the Delta during November in all water year types, the
difference was attributed mainly tBCQperations. Further, these differences in survival during
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November may not necessarily be applicable to emigrafifgNSRecause it is likely thaEHNSR

emigrating out of the Sacramento River during November are yearling fish that may exhibit differences
in susceptibility to routing into the Delta from tHeHNLFRBsed to develop the model. Therefore, the
differences betweerhlternative 2b and existing conditions scenariosnmgrationsurvival, as

influenced by routing (entrainment into the interior Delta) and travel time, are not considered a
substantial impact on themigrating CHNSpbpulation. Againthe STAR810delevaliatesProject-
relatedeffects due to changes inflow at Freepdout does not evaluate the effects of changes in

exports between scenarios.

5.2.3.3. San Joaquin Rive@rigin Springrun Chinook Salmon Structured Decision
Model

TheDelta Structured Decisioodel was developed by the Central Valley Project Improvement Act

Science Integration Team to evaluate the impact of different management decisions on the survival and

routing of juvenileCHNFRThe model relies on survivahvironment relationships and uing-

environment relationships from acoustic studies conducted in the Sacramento and San Joaquin Rivers

and at theSWP and C\Xport facilities. Only results from the San Joaquin River sub model are

reported by the Science Integration Teaifhe model andocumentation hae not been finalized and

the code for the most recent version of the model that was uiseithe FEIRvas accessed at

https://github.com/FlowWest/chinookRoutingApp

The FEIR estimatexlirvival results from thetructured decision moddbr San Joaquiorigin CHNSRy
weighting the daily proportion dEHNSRaptured in the Sacramento trawl and reported as annual
estimatesand as aggregations by water year type. Sacramento RM&ISEmMing was used because

the reintroducedCHNSHn the San Joaquin River has not existed long enough to generate a San Joaquin
Riverspecific entry distribution.

Across the 8%earCalSiml modelingperiod, throughDelta survival was low (< 4%) for Alternative 2b
and Existing Conditions modeling scenarios. Survival was higher under Alternative 2b relative to the
Existing Condition for all years except oNete this may be because the modetissigned to increase
survival as exports increase based on the assumption that survival is higher through the salvage facilities
than through the Deltalittle information exists to suppotthe hypothesis that salvage is higher through
the salvage faciliéis,and data on postelease survival of salvaged fish is scaftepopulation level
benefit (if any)of salvages uncertain Furthermore, only a subset of entrained fislsalvaged, and an
even smaller subset of these fish survive the salvage probkssality rates prior to salvage can be high
due to predation or poor water quality conditions, and handling can cause stress and injuries that
reduces both short and loaggrm survival Although survival was higher under Alternative 2b in most
years themagnitude of the difference between scenarios was variable. In all water year types survival
was higher under Alternative 2b relative to the Existing Condition.

Through Delta survival @HNSRnder Alternative 2b tracked water yespe with the highestvalues in

wet and abovenormal years and the lowest values in dry and critical years. Interquartile ranges of
survival under the Existing Conditions and Alternative 2b overlapped only in critical years. However, in
all water year types, interquartile rangef survival were greater under Alternative 2b.

ThroughDelta survival impacts as represented by the San Joaquin River Structured Decision Model
include the combined impacts of the SWP and CVPFEHR statethat the SWP responsibility for Delta
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water operations during the spring (~MartiiroughMay) period ofCHNSRntry into the Delta is
approximately 20% to 60%.

As described isections 6.2, 6.3, 6.5, 6.6, 6.7, 6.8, andi®r@ore detail below, Conditions of Appav
8.9.1,89.2,8.17,8.18, 8.19,8.20,9.1.1, 9.1.2,9.1.3, 9.1.3.1, 9.1.3.2, andd.th8.BrPminimize the
effects of the Project on througBelta survival of juvenile salmon into the south Delta and salvage
facilities.

5.3 South Delta TemporarBarriers Project

As described ithe ITP Project Descriptipnperationof three south Deltatemporarybarriers will
continue according to existing terms and conditions (the construction and removal of the barriers is
authorized under separate permits). The barriers are located at Old River near Tracy, Middle River near
Victoria Canal, and Grant Line Caredmthe Tracy Boulevard Bridge. The purpose of the barriers is to
increase water levels, circulation patterns, and water quality instheh Delta for local agricultural
diversionsThe barriers vill be operational no earlier thaiMay 15 and through Septaber 30,with
completeremoval no later thamNovember30. Flap gates will be tied open during operation of the
temporary barriersDWR does not propose to install thEORB. Historically the barrier was installed in
some years during spring (AptB-May 30) and fall (September Dovember 30). During the spring,
this barrier helgdto maintain fish migration through the San Joaquin River by prevefishfrom
entering Old River.

JuvenileCHNWRave the potential to bgresent neatthe locationsof the south Delta agricultural
barriersduring operation as juvenile CHNWR have been observed in salvage at b&tkirther Fish
Facilityand Tracy FisBollection FacilityTracy Fish Facilitguring April and May (and June, however

this has only occued in one year (2003) since 1998pwever, the risk guvenile CHNWRnpacts is
substantially reduced because the flap gates on the bamiditde tied open while the barriers are in

place which will allow juveniles to move freely upstream and dowaestn of the barriers; minimizing
juvenileChinook salmoentrainmentin Old River, Middle River, and/or the Grant Line Canal and
associatededudions insurvival or routing into the export facilities. The number of juvenile CHNWR
potentially affected byhe barriers during any given year is unknown as the number of juvenile CHNWR
present in the interior Delta varies annually. This is evidgriboking at historical loss data from water
years 1992018, which shows juvenile CHNWR loss at the salvagédaaiinging from 9 to 1,552 fish

in April and 5 to 78 fish in May. However, take of juvenile CHNWR associated with the barriers has the
potential to occurBecause the Project does not include HORB installation, operatiapdacilitate the
entrainment and routing (take) of additional CHNWR from the interior Delta into Old River and toward
the barriers, ultimately leading to the export facilities.

ThelTPApplication acknowledgebe potentialeffect the barriers may have on CHNSR, however it
focuses on #ects to San Joaquin River fishivenilecCHNSRom both theSacramento and San Joaquin
River Basipopulations can be expected to be presemtar the barriers during operatioBased on
historical salvage data, prior to the efforts teestablishCHNSHhto the San Joaquin River basin,
juvenileCHNSRvere observedat the fish salvage facilitigsom February(with some salvage in January
of a few years)hrough June. Presence of juven@#INSRom the Sacramento River basin at the Grant
LineCanabarrier is also possible given the effects of tide®aitawaterways which can push juvenile
salmon upstream to the location of the barri@HNSR are present in the interior Delta for a longer
period of time than CHNWR and thus experience more exposuteetbdrriers. Additionally, CHNSR are
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present in much larger numbers in the interior Delta than CHN%ER Section 7.3.dHistorical Loss of
Juvenile Chinook Salmon at the Salvage Facilities belbege Tactors indicate that the barriers may
have more ofan effect on juvenile CHNSR than CHNW&Rveveras described abov@jvenile Chinook
salmonentrainment in Old River, Middle River, and/or the Grant Line Camhbssociated reductions in
survival or routing into the export facilities will be minimizeetause the flap gates on the barriers will
be tied open while the barriers arestalled

DWR issued a report regarding the effects of shath Delta agricultural barriers on the survival of
emigrating juvenile dmonids (DWR 2018). Theport stated that the presence of theouth Delta

agricultural barriers will considerably reduce juvenile salmonid survival compared to open channels.
Survival is lowest when the barriers are installed, and the flap gates are closed. Survival improved when
the flap gatesvere tied open. Survival was also reduced during the construction of the barriers. Juvenile
salmonids were typically pyedupon upstream of the barriers while delayed on their downstream
migration. Predator density increased after the construction oftiberiers, but most noticeably

upstream of the barriers. The barriers increased the time that juvenile salmonids spent in the vicinity of
the barriers, which likely increased their vulnerability to predators located upstream of the barriers.
Juvenile salmoids encountering the barriers will move downstream through open culverts

preferentially, but few fish were detected moving over the weir crest if the culverts were tied open. If
the culverts were tidally operated, fish could only go through when the ftampushed them open.

Under these conditions, more juvenile salmonids went over the weir crest but could only do so when
flows overtopped the weir crest on flood tides or on ebb tides before the water elevations declined to
the point where water depth wadiminished over the crest. By increasing the time that juvenile
salmonidsspent in the vicinity of the barriers, the fish were also vulnerable to being exposed to elevated
water temperatures as the season progressed.

54 Water Transfers

As describedh the ITP Project Descriptipthe SWP water transfer window will extend from July

through NovemberJuvenile CHNWR are likely to be present in the waters of the Delta during the

majority of the water transfer window. Juvenile CHNWR are likely to be present in the Delta as early as
September, with their presence increasing during November, especiatlylyfsason storms create

flow conditions in the Sacramento River basin to stimulate downstream movements. There is a low
potential for adult CHNWR to be present in the Delta at the very beginning of their upstream migration
(November) period. There is hghtly higher potential for CHNSR to be present in the Delta during the
proposed water transfer window. Yearling CHNSR may be present in the Delta in October and November
if upstream precipitation events in tributary watersheds stimulate downstream mgraAdult CHNSR

may be present in the Delta during their upstream migration during early July.

For those fish present in the Delta during the water transfer window, there will be an increase in altered
hydrodynamics in waters adjacent to the export fidieis as a result of any additional exports to

implement a water transfer. This may lead to increase in alterations in salmonid routing and the risk of

entrainment into the interior Delta and export facilities. Increases in routing and entrainment wilt res

in delayed emigration, increased exposure to predators, and decreased survival rates. These risks are

more pronounced for juvenile fish than they are for adult fish (NMFS 2019).

If water transfers originate from reservoir releases, all life stag€HfWR and CHNSR may be
impacted by the transfer windowrRarticularly, water transferduring the fall months of October and
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Novembemmay contribute to redd dewatering and juvenile stranding downstream of reservoirs,
impacting spawning adults, redds, inctibg eggs, newly emerged fry, and juveniléglow releases

from reservoirs are ramped up to conduct a transfer, spawning adults and rearing juvenil@saveyyo

and occupy area the stream channdhat were not previously inundated with water. Spawg adults
may build redds and lay eggs in these areas. If flows are suddenly dropped or ramped down at too high
of arate, these redds with incubating eggsdor emerging frymay become dewatered and be
subjecedto poor water quality conditions such &swv dissolved oxygen levels and elevateater
temperatures andthencesuffer mortality.Inundated areas during transfers meneate pools, side
channels, or other areas that may attract congregates of juvenfliews are suddenly dropped or
ramped davn too fast, these juveniles may not react quickly enough to swim out of these areas before
they are disconnected from the active stream channel and thus become stranded where they may be
subjected to poor water quality conditions (e.g., low dissolved emyglevated water temperatures),
increased predation, and thence suffer mortality.

5.5 Suisun Marsh Salinity Control Gates Operation

The SMSCG are located on Montezuma Slough about 2 miles downstream of the cordfubece
Sacramento and San Joaquind®s. The objective of SMSCG operation is to decrease the salinity of the
water in Montezuma Slough. In addition to the existing October through May operation to meet Suisun
Marsh water quality standard®ermittee willoperate the SMSCG for up to 60 dayst necessarily
consecutivepetween June an@®ctober ofdry, below normaj and above normal water yeats improve
habitat conditions for théelta Smelt Summeall Action(as described in Conditisiof Approvald.3.1

and 9.1.3.2 If a dry yeafollows a below normal year Permittee will operate the gates for 30 days
during this same time perioduring the operation of the gates for the Delta Smelt Summer Fall Action
between June and October, the gates will mostly likely be operated during thensu (July and August)
when Delta smelt habitat needs are high.

Adult CHNWR and CHNSR are likely to be pregeimng theSMSC®perational periodbf October
through May Theirpresence during operatiabetween June to October is less likaymost aduk
have migrated to upstream tributaries by this timiuvenile CHNWR are likely to be presikning the
SMSC@perational periodrom October through Maybut not during the operational period between
June and Octobeduvenile CHNSR emigrate as both at@iYyearling, so they have the potential to be
present during the October through Mayperationalperiod and potentially in June.

Salmonid smolt predation by striped bass and pikeminnow could be exacerbated by operation of the
SMSCG. These predatory fasle known to congregate in areas where prey species can be easily
ambushed. Pikeminnow are not typically major predators of juvenile salmonids (Brown and Moyle
1981), but both pikeminnow and striped bass are opportunistic predators that will take advaritage
localized, unnatural circumstances. The SMSCG provides an enhanced opportunity for predation
because fish passagerexiucedwhen the structure is operatindpuring operation of the gates from
October through MayDWR proposes to limit the operation thle SMSCG to periods required for
compliance with salinity control standards, and this operational frequency is expected tc2ied4dys

per year.This limited operation of the SMS@@! not provide the stable environment which favors the
establishmenof a local predatory fish population and the facility is not expected to support conditions
for an unusually large population of striped bass and pikeminnow, so predation impacts are minimal
during these operations. As described above, adult and juveRiMWR and CHNSR presence is not
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expected during July and August when the SMSCG would mostly likely be operated for the Delta Smelt
SummetFall Action, thus predation and other impacts to salmon due to operation of the gates is not
anticipated.

6. Minimization of Take and Impastof the Taking
on Winter-run and Springun Chinook Salmon
Rearing, Routing, and Survival

This section describes how Conditions of Approval indini¢he ITP minimize take of CWMIR and
CHNRand impacts of the takings a result of changes in routing, rearing, @mdugh-Deltasurvival
associated with the Project.

6.1. Condition of Approval 7.5.% Upstream Monitoring
During Water Transfer Window

Permittee will develo@and implementa programto monitor relevant flow rates prior to, during, and

after all water transfers, and redd distribution, redd dewatering, and juvenile stranding during the

Project water transfer window of July 1 through November 30 and notify CDFW no more than 24 hours
after each redd dewatering or juvenile stranding event observed as part of the monitoring program.
These measures will minimize the impacts water transfers have on all life stages of CHNWR and CHNSR
when water transfers areonducted as reservoir releases dgcumenting whethestream flows

downstream of reservoirs are sufficient to maintain redds and juvenile rearing and emigration.

6.2. Condition of Approval 8.9.% Construct and Operate a
Salmonid Migratory Barrier at Georgiana Slough

Permitteewill constrict and operate a Georgiana Slough Migratory Barrier to reduce entrainment of
juvenile CHNWR and CHNSR into Georgiana Slough during emigration in the Sacramento River.
Entrainment into the interior Delta through Georgiana Slough may result in migratiopsdatal further
entrainment of juvenile CHNWR and CHNSR into the south Delta export facilities (Perry et al. 2010). A
salmonid migratory barrier is expected to provide a higher probability of survival to Chipps Island for
emigrating juvenile CHNWR and CHN®&iRencounter the Sacramento Riv&eorgiana Slough junction
and reduce entrainment of emigrating CHNWR and CHNSR into the interior and south Delta. Operation
of the Georgiana Slough Migratory Barrier may increase juvenile salmon vulnerability to predati
through creation of enhanced predatory fish habitat adjacent to thevater barrier components.

Adults that enter Georgiana Slough from the south may experience increased migration timing during
upstream spawning migration, causing an increased rigkes§pawn mortality However, pevious

DWR pilot studies at Georgiana Slough noted adult salmonids were capable of navigating beneath the
barrier (i.e., BieAcoustic Fish Fence with sound, light, and bubble deterrent), which only covers the top
50% of thewater column (DWR 2012, 2018)espite the potential for some increased juvenile
vulnerability to predation and increased migration timing for adults, the operation of the barrier is
expected overall to reduce Project impacts to CHNSR and CHNWR, andehefits of the migratory
barrier outweigh potential negative impacts.

Prior to construction and operation of the barrier, DWR will develop a Ga&pp\ved Georgiana
Slough Migratory Barrier Operations Plan detailing the operational tinsmmgponentsand location of
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the barrier, and associated criteria for operations. During operations, DWR will continue pilot

investigations (e.g.,re@l A YS FA &K GNI O1Ay3au (2 S@Ortdz2dS FyR NBT
juvenile CHNWR and CHNfom entering Georgiana Slough. During the pilot investigations, DWR will
evaluateupstream passage of adult CHNWR and CHNSR to ensure the barrier does not obstruct

upstream migration. The plan and pilot investigations include CDFW involvement and @prov

ensure the barrier provides benefits to CHNWR and CHNSR and will not be detrimental to the continued
management and recovery of CHNWR and CHNSR.

6.3. Condition of Approval 8.9.2 Evaluate the Benefits of
Salmonid Guidance Structures at Sutter ang&nboat
Sloughs

Juvenile Chinook salmon that are entrained into the interior Delta experience increased mortality and
travel times compared to those that continue emigrating through the mainstem of the Sacramento River
or those that route througtsutter and Steamboat Sloughs (Perry et al. 20 Hvman and Brandes

2010). Sutter and Steamboat Sloughs are important migratory paths for juvenile CHNWR and CHNSR, as
either route reduces the risk of juvenildseing entrained into the interior Delta (Perey al. 2010).

Floating fish gidance structuresiear the junction between the Sacramento River and Sutter and
Steamboat Sloughs are expected to provide a higher probability of survival for emigrating juvenile
CHNWR and CHNSR by increasing the proporfijuveniles that enter Sutter and Steamboat Sloughs

and minimizing the proportion of juveniles that migrate into theerior and south DeltaThis Condition

of Approval will require further evaluation of potential benefits of migratory barriers as Satigr
Steamboat Sloughs, to inforfature decisions.

6.4. Condition of Approval 8.12, Barker Slough Pumping
Plant Longfirand DeltaSmelt Protection

Reducing the maximursevenday averaged diversion ratt the BSPR less thar60 cfs, between
January 15 andune 30n dry and critical water years will have a beneficial impact on food web
dynamics in the greater Yolo Bypass region by reducing the amount of prey items removed from the
systemthrough exports Rearing CHNWR and CHNMNStRe Yolo Bypass rely on these food sources for
healthy development and maturation.

6.5. Condition of Approval 8.1¢ Export Curtailments for
Spring Outflow

DWR wilreduce exports from April 1 to May 31 each year to achieve the SWP proportional share
(Condition of Approval 8.10) of export reductions established by the ratio of Vernalis flow (cfs) to
combined CVP and SWP exports, scaled by water year type, to provide incidental spring outflow
JuvenileCHNWRand CHNSBmigration and rearing in the Delbccurs during this time periodhe
increased outflow may result in reduced routing and entrainniatad the interior Delta and savage
facilities increased quality and quantity of rearing habitat duértcreased water availabilitgnd
reduced impactso ecosystem functioimn the Deltg including food productionThis will provide for
increased througtDelta survival of emigrating juvenile CHNWR and CHNSR.
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6.6. Condition of Approval 8.18 Potential to Redeploy up
to 150 TAF for Delta Outfloland Condition of Approval
8.19¢ Additional 100 TAF for Delta Outflow

With CDFW approval, DWR may increase exports between April 1 and May 31 of all water years above
what would otherwise be alloweby operating to Condition of Approval 8.17 to curtaiperts and

enhance Delta outflowin return, the increase in the volume of water exported, up to 150 TAF, will be
available as Delta outflow beginning March of the next water year, unless the next year is(Sfiriad)
Outflow Block) DWR will also prage 100 TAF in wet and above normal water years tcaaod Delta

outflow (Additional 100 TAF block of water). Both the Additional 100 TAFhar8gring Outfloviblocks

of waterwill be dedicatedo Delta outflow through one or several means (including T@tnconditions,
dedicationunder Section 170@f the California Water Code, or another agreemeartyl provided

through water purchases or through SWP water (i.e., Oroville Reservoir releases). If the water is
provided through Oroville Reservoir releasdmdeactionswill provide enhanced stream habitat (e.g.,
potentially cooler temperatures and inundated area) in the Feather River for emigrating juvenile and
spawning adult CHNSR depending on the time of release. In the spring, reservoir releases fitill bene
juveniles by providing a freshet of cooler water for rearing and emigration. In the summer, reservoir
releases will benefit holding and spawning adults by increasing suitable spawning area with cooler water
temperature, increased depth, and increasémlf. However, drawdown of water releases will need to

be monitored to prevent redd dewatering if releases continue through the CHNSR spawning season (i.e.,
mid-August through mieDctober). If the water is provided through water purchases, this action may
provide similar benefits to CHNWR and CHNSR juvenile and adults in the form of increased instream
flow depending on the location of the water purchase.

6.7. Condition of Approval 8.2@ Delta Outflow Operations

Plan and Report

Each year, DWR will developdapperate to a CDFWpproved Delta Outflow Operations Plan that will
describe the amount of water available to supplement Delta outflow associated with the Additional 100
TAFand Spring Outflow Block. The plan will include the timing and volume of watdlable on a daily

basis between March 1 and October 31 and the operational actions (i.e., export curtailments, Oroville
Reservoir releases, and water purchases) that will be taken to ensure blocks are available. The
requiremens inthis plan will ensurehat the blocks are planned and accounted for at least 5 days prior
to the start date of the plan. The plan also includes CDFW involvement and approval to ensure each
block of water will not be detrimental to the continued management and recovery of CHNWR a
CHNSR.

Each year, DWR will develop a CB&proved Delta Outflow Operations Report that will describe

AYLX SYSyGrdAazy 2F GKFG &@SINRa 5StdF hdziFt 26 hLISNI
pertaining to Delta outflow, exports at Banksming PlahandC.W. Billones Pumping Pla@iones

Pumping Planf)OMR index, San Joaquin inflow, Freeport flow, daily controlling factors and allowable

Banks Pumping Plant exports, and documentation of the volume and timing of the blocks of water

provided that year. The requirement of this report will ensure the blocks are allocated and documented

prior to December 1 and before the next plan is required. The report also includes CDFW involvement
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and approval to ensure eaditock of water provided bene#tto the continued management and
recovery of CHNWR and CHNSR.

6.8. Conditiors of Approval 9.1.1 and 9.1.2 Habitat

Restoration for Delta Smelt and Longfin Smelt

As describedh Conditiors of Approval 9.1.1 and 9.102 the ITP, Permitteshall restore and conserve
8,000 acres of tidal wetland habitat as compensatory mitigation for DS, 800 acres of mesohaline habitat
as compensatory mitigation for LFS, and 396.3 acres of tidal wetland habitat as additional
compensatoy mitigation for both smelt specie€HNWR and CHNSR must pass thrdougiDelta during
their emigration to the Pacific Ocean. Although rearing and migration through the Delta represents a
short period of tkeir overall lifecycle, a large proportion of erile CHNWRind CHNSR are expected to
be exposed to the proposed tidal habitat and mesohaline habitat restoratitime Delta.The habitat
restoration is expected to benefit juveni@HNWRnd CHNSR rearirig several aspects, including
increased food avkability and quality, and refuge habitat from predators. These benefits can be
manifested by higher growth rates in fiskilizing these habitats and increased survival through the
Delta.

6.9. Conditions of Approval 9.1.39.1.3.1, 9.1.3.2 and
9.1.3.3¢ Delta Smelt Summei#all Action

The Delta Smelt SummétallActionwill improve DSfood supply andabitat, thereby contributing to

the recruitment, growth, and survival ofJThe action include requirements to maintaia monthly

average 2 ppt isohaline at 80 km (X2) from the Golden 8at®ein above normal and wet water years
duringSeptember and OctobeThe action also includes a requirement to operate the SMSCG for up to
60 days, not necessarily consecutive, betwdene and October of dry, below normal, and above

normal water years. If a dry year follows a below normal year Permittee will operate the gates for 30
days during this same time perio@peration of the SMSCG is anticipated to require supplemental
resenoir releases or export curtailments to maintain compliance with salinity standHrtie action is
achieved through export reductions and/or releases from Oroville Reservoir, emigrating juvenile
CHNWR and CHNSR may experience some benefit. Specifidalbed exports may result in reduced
routing and entrainment of juvenile CHNWR and CHNSR from the Sacramento and San Joaquin Rivers
into the interior Delta, CFF, and the export facilities. Reservoir releases may provide an increase in
stream flows, therelp enhancing stream habitat in the Feather River for spawning CHNSR adults and
incubating redds, as well as any emigrating juvenile CHNSR. Depending on the magnitude of the release,
juvenile CHNWR and CHNSR in Feather River tributaries and the SacramemheaRialso experience
increased stream flows as they emigrate to the Delta.

7. Take and Impacts of the Takindgentrainment of
Winter-run and Springun Chinook Salmon
7.1. Introduction ¢ Entrainment ofCovered Species

Operation of the Project will retdt in take in the form of entrainment for all Covered Species.
Entrainment is the incidental removal of species in the water diverted by the Project froEstinery
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(Castillo et al. 2012). Entrainment as a result of Project operations draws in andamstatfish and

other organisms into water diversion intakes or areas with reduced habitat quality, ultimately resulting
in migratory delays, reduced fithess, or mortality. In the Delta, entrainment occurs primarily at the SWP
facilities (includingCFRandthe Skinner Fish Facility) and the CVP facilities (TraciF#&ddllty), as well as
other smaller water diversion intakes. In addition, altered hydrodynamics cause fish to become
entrained into terminal areas such as the Yolo Bypass ansbtith Delta. Allife stages of all Covered
Species occurring in the Project Area are susceptible to entrainment. Entrainment of other organisms
such as primary and secondary producers (which provide food for Covered Species) is largely
unaccounted for and thenagnitudeof the potential impact to Covered Speciesi well understood

At the SWRexport facilities fish enterCCRhrough water diversion from Old River. CCF is located near

the town of Byron in thesouth Delta and consists of a ~2,500 acre artificiallydémbembayment that

serves as a storage reservoir for the SWRIk et al. 2009 During high tide cycles, when the water
elevation in Old River exceeds that of the CCF, up to five radial gates, located on the southeast corner of
CCF, open to divert water from the Delta into CCF. Daily operations of the radial gates depend on
schedukd water exports, tides, and storage availability with CCFBan&s Pumping Plapumps water
diverted from CCF via the intake channel near the SFF into the California Aqiestuentering the

CCF must travel approximatedyt kmto reach the Skinneffish Facility. The Skinner Fish Facility was
designed to protect fisk 20 mmfrom entrainment into theBanks Pumping Plaby diverting them into
holding tanks where they can be salvaged and returned to the Delta. Water is drawn to the Skinner Fish
Facilty from CCF via the intake canal and past a floating trash boom. The trash boom is designed to
intercept floating debris and guide it to an onshore trash conveyor. Water and fish then flow through a
trash rack, equipped with an automated cleaner. Openingsthe trash rack exclude fishiderthan 51

mm from entering theSkinner Fish Facilitg¢gDFG 1981). Fish that move through the trash rack enter a
series of louvers arranged in a V pattern and are behaviorally guided to holding tanks where they remain
until sacrificed if sampled clipped fish) or released back into the D@thunclipped fish)

At the CVP export facilities ater is drawn into thélracy Fish Facilifyom the Old RiverThe Tacy Fish
Facilitywas designed to protect fisk 20 mmfrom entrainment into the DeltaMendota Intake by
diverting them into holding tanks where they can be salvaged and returned to the Delba. entry to

the Tracy Fish Faciliffish encounter dloating trash deflector boom, much like the trash boom located
at the entrance to theSkinner Fish FacilityVater and fish then flow through a trash rack with openings
averaging 57 mm (2.25 inches) and equipped with an automated cleBrge$ et al. 20)8Fish that
move through the trash rack enter the primary chanfetlowed by a series of louvers that behaviorally
guide fish into the salvage holding tanks for processing.

Salvage describes the process of catching and collecting a portion of the entrained fish and transporting
them to release locations outside of thaterior Delta. It is hypothesized that salvage increases survival

of individual fishwhen compared to migrating through the Deltagreby lessening the population level
impact of entrainment. However, little information exists to support this hypothasi data on post

release survival of salvaged fish is scaftepopulation level benefit (if any)f salvagds uncertain
Furthermore, only a subset of entrained fistsalvaged, and an even smaller subset of these fish survive
the salvage process. Muality rates prior to salvage can be high due to predation or poor water quality
conditions, and handling can cause stress and injuries that reduces both short ardrorgurvival.
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Handling and transporting adult and juvenile salmonids increase steésted impairment and

mortality (Cook 2015Co0k20183 Cook2018ly Raquel 1989Teffer et al. 2017)Handling can lead to air
exposure and hypoxia from crowding, which can cause swimming impairment in salmonidslpase
(Donaldson et al. 202 Hinch et al. 2019). This impairment makes juvenile and adults highly vulnerable
to predation. Handling can also cause direct injuries and the removal of the protective epidermal mucus,
GKAOK AYONBIF&aSa |y AYRAGDARdzZiffeatins fDdsh 181120180 At A& G2
Reverter et al. 2018)Adult Chinook salmon thaurvive handling and transport and continue on to the
spawning reaches of their natal streams can have decreased spawning fitness and fecundity due to the
energy expenditure athstress related with capture, handing, and release (Wilson. 204a4). Handling

and transport stress induced mortality is difficult to document in juvenile Chinook salmon, as these fish
are typically unable to be monitored pestlease. Raquel (1989)axined the effects of handling and
trucking of fish collected at the Skinner Fish Facility. Low levels of immediate mortality of juvenile
Chinook salmon are observed with over 9% survival during the study period. It was noted, however,

low levels of immdiate mortalitywere biased low because they do not account for undocumented
mortality following release. Atudy in themid-1970s examined the mortality of juvenile Chinook salmon
attributed to handling and trucking from theVBQ & ¢ NJ O @ (Radieli1R89)TheQ@thdyfduride

57%of juvenile Chinook salmon captured and transported died shortly after reléaklitionally, as
described in Keefer and Caudill (2014), collection and transportation can cause interrupted olfactory
imprinting of juvenile sahon during migration and lead to increased adult straying rates.

Since operations began, the SWP has coordinated operations with the CVP to maintain Delta water
guality and a formal coordination agreement has been in place since 1986 to ensure each project retains
its portion of the shared water for export and bearsdtsare of the obligation to protect beneficial uses
(DWR andReclamatiorl995, Arthur et al. 1996). Some facilities were developed for joint use, such as
{ly [dzAada wSaSNIB2ANE hQbSAff C2NBolesX YR Y2NB GKI
pumping facilities (DWR arf@leclamatiorL995). Such coordination is increasingly necessary over time to
achieve multiple, mandatory water quality objectives (e.gL@241) while optimizing water supply south

of the Delta (Arthur et al. 1996). Water exponterh the south Delta SWP and CVP facilities create
hydrodynamic conditions that result in fish entrainment into the south Delta and subsequently the

export facilities (Brown et al. 1996, Kimmerer 2008, Grimaldo 2009). Using adult DS as an example, a
recentanalysis of salvage identified hydrodynamics (total exports, OMR flow), water quality (turbidity),
and population abundance as the most important factors influencing salvage (Grimaldo et al. 2017).
More specifically, SWP exports, Yolo Bypass flows, aathidBlance best explained adult DS salvage at

the SWP across the entrainment season, whereas species abundance, OMR flows, and turbidity best
explained adult salvage through the entire entrainment season at the CVP (Grimaldo et al. 2017).
Similarly, the SB(2017) documented higher numbers of juvenile Chinook salmon are salvaged during
times when OMR is more negative. Reductions in the average dailywiM&luce entrainment of

CHNWR and CHNSR into the interior Delta and increase their survival by gatieairemigration time

through the Delta (Perry et al. 201@)sosee Section 7.3.1 belowBecause salvage at both the SWP

and CVP fish facilities were found to be determined either directly by SWP exports or by local
hydrodynamic conditions stronglyflnenced by SWP exports (OMR flow), entrainment risk of Covered
Species attributable to SWP is best assessed by evaluating patterns of Covered Species salvage at both
the SWP and CVP fish facilities as combined salvage. Currently, combined salvagelfribva SuvP

and CVP fish facilities provides the only means to effectively extrapolate the effects of south Delta SWP
export operations on entrainment of fishes into the central and south Delta (Smith 2019).
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7.2. Entrainment of Adult Winterrun and Springrun
Chinook Salmon

7.2.1. Entrainment of Adult Chinook Salmon into Clifton Court
Forebay
7.2.1.1. Introduction

Adult Chinook salmon have historically been salvaged at the Skinner Fish Rigiilitythe Delta Model

LAD criteria (USFWS 1997), Chinook salmon greater than 300 mm FL are classified at the facilities as
Gdzy1y26y | Rdzf &d¢ 6 A G K csampleNbliyttedRBranilydhére drdrd targgedd ISy S i
studies that evaluate adult Chinook salmon presence in CCF so there is ho way to adepsatety

adult take within CCF. However, historical entrainment of adult Chinook salmon into CCF has been
documented during DWR predator removal studies and observations at the entrance kihaer Fish
Facility(Wunderlich 201%nd 201&; NMFS 2019; CDFW 2®20The purpose of the following analysis

was to evaluate take of adult Chinook salmon through entrainnmen CCF.

7.2.1.2. Methods and Results

To better understand adult entrainment at the export faciliti€FW evaluateldycatch data from the

CCF Predation Studies (CRR8nderlich 20152017, the CCF Predator Reduction Electrofishing Studies
(PRESWilder et al. 2018 and the CCF Predator Fish Relocation Study (EERSV 2028). DWR

conducted CFPS studies from 2013 through 2016 to evaluate juvenile salmonid survival and monitor for
piscivorous fish and birdsound CCHn 2016, DWR began the PREfligts at the request of NMFS to
implement interim measures to remove predators from CCF to reducsgesen loss of juvenile

salmon. Under the PRES studies, DWR electrofished and relocated predators from CCF to Bethany
Reservoir (the afterbay for the BamlRumping Plant and conveyance facility for the California Aqueduct)
from 2016 through 2018. Beginning in 2019, DWR started the PFRS study to relocate predators from CCF
using commercial fishing techniques to capture predators.

During the 2013 CFPS, DWiRducted creel surveys in CCF between April 26, 2013 and December 31,
2013. For 1,101 anglers interviewed, one adult Chinook salmon was reported caught in October
(Wunderlich 201% October does not directly overlap with adult CHNWR or CHNSRBNce in the

Delta; therefore, it is assumed this adult was a CHNFR. During the 2015 CFPS, DWR conducted creel
surveys in CCF between January 5, 2015 and December 29, 2015. For 1,247 anglers interviewed, one
adult Chinook salmon was reported caught imvBmber {Wunderlich2017), consistent with CHNWR
presence in the Delta (Moyle 2002; Yoshiyama et al. 1998; Myers et al. 1998).

Adult Chinook salmon are susceptible to electrofishing and can be stunned as part of the PRES studies
conducted between 2016 arizD18. During the 2018 study seastvilder at al. (2018reported55

Chinook salmon observed moving into the vicinity of the electrofishing boat in response to the electric

field (Table30 @ 52 wQa NBLIR2NI R2Sa y24 A yhatindividia® rakgédR A O A Rdzl f
from three inches to adult size and were observed from January through May. NMFS (2019) reports a

total loss of 152 Chinook salmon during the three PRES studies, but the size class of these fish and

spatial time scale in which theyere observed is unclear. However, studies conducted between January

and May overlap with presence of adult CHNWR (November through July) and CHNSR (January through
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September) in the Delta (NMFS 2019; Johnson et al. 2011; Moyle 2002; Yoshiyama et My2898t
al. 1998).

Month Number of Chinook Salmon
January 6
February 13
March 7
April 22
May 7
Total 55

Table3. Chinook salmon encountered by month in CCF during the 2018 PRES study season. Data takéddranal.
(2018)

Commercial fishing practices employed under PFRS are not able to selectively fish for nonnative
predators in CCF; therefore, Chinook salraom likely to be entrapped or caught as bycatch. During the
2019 PFRS, twelve adult Chinook salmon were caught in CCF, including two which were assumed to be
CHNSR and CHNWR based on presence and time of year (not genetically confirmed) (CBifigv

2020b).

Date Gear Method Species Origin FL (mm) Life Stage

5/9/2019 Kodiak Trawl CHNSR Hatchery NA Adult
10/10/2019 Fyke Trap CHNFR Natural 614 Adult
11/5/2019 Beach Seine CHNFR Hatchery 660 Adult
11/5/2019 Beach Seine CHNFR Natural 755 Adult
11/8/2019 Beach Seine CHNFR Natural NA Adult
11/12/2019 Beach Seine CHNFR Natural 752 Adult
11/12/2019 Beach Seine CHNFR Natural 670 Adult
11/14/2019 Beach Seine CHNFR Natural 807 Adult
11/14/2019 Beach Seine CHNFR Natural 790 Adult
11/15/2019 Beach Seine CHNFR Hatchery 762 Adult
11/21/2019 Beach Seine CHNFR Natural 805 Adult
12/20/2019 Fyke Trap CHNWR Hatchery 598 Adult

Table4. Adult Chinook salmon bycatch data from May 2019 through December 2019 during th®2BB(CDFW 2020
CHNSR highlighted in green and CHNWR highlighted in blue.

In addition to predation studies in CCF, the 2@Efta Operations for Salmonids and Sturgéo@Sy
technical advisory team annual report included documerdibdervations of adult Chinook salmon
(greater than 300nm FL) at the entrance to thekinner Fish Facility (DOSS 2017). These fish were
observed from November through May, coinciding vatiult CHNWR (November through July) and
CHNSR (January through September) presence in the Delta (NMFS 2019; Johnson et al. 2011; Moyle
2002; Yoshiyama et al. 1998; Myers et al. J988SS (2017) attributed the increase in adult Chinook
salmon entering the l8nner Fish Facility to two factors. In 2017, facility workers observedrpead
occupancy of sea lions near the entrance to the Skinner Fish Facility. They noted the sea lions appeared
to be working as a team with elephant seals to chase adult salntortia direction of the trash rack for
feeding.During the annual dive inspection in March, divers noted several locations where the openings
between the vertical members of the trash rack were wider than two inches. It is not clear if this
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damage was caesl by marine mammal coordinated hunting, but it is assumed that this contributed to
the damage.

7.2.1.3 Discussion

Targeted studies to evaluate entrainment of adult Chinook salmon into CCF have not been conducted in
the past. During more recent predataeduction studies, adult Chinook salmon presence has been
documented and is expected to continue to be documented as DWR implements the Enhanced
Predatory Fish Removal and Relocation Study. This study is a combination of the most effective predator
removaltechniques from previous predator reduction efforts in CCF. The intent of the study is to
maximize the removal of predators in CCF to reducespreen loss of juvenile listed species. It should

be noted that these studies are not targeted for adult Chikkealmon and may not overlap with their

timing in the Delta. Therefore, fish collected are not necessarily representative of the abundance that
may be present during adult salmon upstream migration through the Delta.

Inits 2009 BiOp, NMFS indicated ththere are direct impacts on adult Chinook salmon from

entrainment into CCF, but assuthadults move freely into and out of CCF when hydraulic conditions at
the radial gates permit (NMFS 2009). Maximum hourly water velocities through the radial gates can
exceed 20 ft/s Clark et al. 2009 which is double the burst speed of adult salmoni@3KG 2010). As

the radial gates are opened, water flow and water velocities are typically quite strong depending on the
difference in water surface elevation between Old River and CCF. This makes egress from CCF difficult
until the flow and velocities dimish as the water surface elevations begin to equalize. Any adult
Chinook salmon attempting to exit the CCF would need to swim through the radial gates when inflow
velocities were sufficiently low to permit their upstream movement, and before the radiakgag

closed at the end of the tidal cycle. It is possible for Chinook salmon to remain resident within CCF for
extended periods of time before conditions are suitable for their exit. This residence time results in
delays in upstream spawning and can léadtranding if fish are unable to exit through the radial gates.
False attraction into CCF reduces the numberaiéntial spawners, and thereby spawning success, due
to delayed migration or prspawn mortality.

The presence of adult Chinook salmonts entrance of theéSkinner Fish Facility in 2017 is

characteristic of natural social interactions among saln@erdahl et al. (2017) demonstrated that

salmon use social interactions to synchronize entry into spawning grounds. Johnson et al. (2016) also
showed that adult salmon caught in the ocean are more often from the same genetic group, suggesting
that adults rely on collective navigation when migrating to spawning grouktttsction flows through

the radial gates increase the likelihood of large gmopsalmon migrating together into CCF exposing
them to poor water quality conditions and pswawn mortality.

7.2.2. Salvage of Adult Chinook Salmon

7.2.2.1. Introduction

Adult Chinook salmon have historically been salvaged aSkianer Fish Faciliand Tracy Fish Facility

Using theDelta Model LAD criteri@ SFWS 1997Chinooksalmon greater than 300 mm FL are classified

FO GKS FFEOATtAGASEA a adzyly26y | RdZ Gaé¢ ALK y2 Nizy

The purpose oftte followinganalyss, conducted by CDFW for this Effects Analysig quantify existing
take of adult Chinook salmon at the SWP and CVP export facikirgghistorical salvage datiat
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include adult Chinook salmon (>300 mm Hhjsanalysiprovides greater understanding of SWP
impacts to adult CHNWR and CHNSR.

7.2.2.2. Methods

To quantify adult salvage at the export facilities, adult salvage (total count) data and expanded salvage
data at the SWP and CVP export facilities between water years 1993 and 2018 were summarized for all
Chinook salmon greater than 300 mm FL. Data were separated based on presence of adipose fin to
distinguish between natural and hatchery Chinook salmon at Kpog facilities.

Adult salvage data for the SWP and CVP export facilities were collected from theBapBdta Region
salvagadatabase (CDFW 2049 Expanded salvage data were calculated to estimate total salvage during
SWP operations. The databaselinted specimen information pertaining to fork length and presence of
an adipose fin.

Loss was not calculated for adult salmon as the loss equation (CDFW&8483ction 7.3.L,
Entrainment of Juvenile Winteun and Springun Chinook Salmon, Introductidar more detail about
the loss equation)is used by both DWR and Reclamation to specifically estimate entrainment of
juvenile salmonids into the SWP and CVP facilitiesloBsesquation was not designed or intended for
estimating loss of adult salmonids.

7.2.2.3. Results

Between water years 1993 and 2018, 118 adult Chinook salmon were observed at the export facilities,
with a greater proportion observed at the SWP (66%) timenCVP (33%) (Figure 1). Expanded salvage

for adult Chinook salmon totaled 466 (Figure 2). The entrainment period for adult Chinook salmon
extended from September through May, which overlaps with adult CHNWR and CHNSR presence in the
Delta.

Total Adult Chinook Salmon Count
WYs 1993-2018
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Figure 1Total count of clipped and unclipped adult Chinook salmon observed at the SWP and CVP export facilities for water
years 1993 through 2018. Monthly data are overlaid with a@QifNWR and CHNfRsence in the Delta (NMFS 202819;
Johnson et al. 2011; Ydghma et al. 1998; Moyle 2002; Myers et al. 1998).
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Of the 118 total adult Chinook salmobserved(expanded salvage of 466) at the export facilities, 45
were observed(expanded salvage of 103) in water year 2017 between November 3, 2016 and May 14,
2017

Total Adult Chinook Salmon Salvage
WYs 1993-2018
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Figure 2 Total xpanded salvage of clipped and unclipped salvaged adult Chinook salmon at the SWP and CVP export facilities
for water years 1993 through 2018 month Monthly data are overlaid with adulHNWR and CHNSfsence in the Delta
(NMFS 214, 2019; Johnson et al. 2011; Yoshiyama et al. 1998; Moyle 2002; Myers et al. 1998).

Further analysis indicates that 89% of the observed (84% of expanded salvaged) adult Chinook salmon
were unclipped, implying these fish were natuoaigin (Figures 3 &).

Unclipped Adult Chinook Salmon Count Clipped Adult Chinook Salmon Count
WYs 1993-2018 WYs 1993-2018
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Figure 3.Total count ofsalvaged adult Chinook salmon separated by presence of adipose fin at the SWP and CVP export
facilities for water years 1993 through 2018.
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1Underwater divers identified several locations where the openings between the vertical members of the trash rack of the
Skinner Fislracility were wider than two inches (DOSS 2017). Repairs were made to the trash rack in March 2017, with reduced
salage in water year 2018 (total count of 2, expanded salvage of 5).
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Unclipped Adult Chinook Salmon Salvage Clipped Adult Chinook Salmon Salvage
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Figure 4 Expanded salvage of adult Chinook salmon separated by presence of dilipatsthe SWP and CVP export facilities
for water years 1993 through 2018.

7.2.2.4. Discussion

Although the trash racks at the Skinner Fish Facility aacyTrish Facilitwere designed to exclude

adult Chinook salmon, adults have been detected in the salvage process at both facilities. Genetic
samples are not taken to confirm the presence of adult CHNWR or CHNSR; however, timing of historical
salvage suggests that both CWR and CHNSR are likely to be entrained into the export facilities. The
majority of adults salvaged historically were unclipped. Attraction flows from both facilities increase the
likelihood of fish straying into the facilities at times when adults argimglon collective navigation from

other salmorto find spawning grounds (Johnson et al. 2016). Natural unclipped salmon have olfactory
imprinting that enables migration to natal spawning grounds while hatcbeigin fish are less likely to
acquire olfacbry cues due to hatchery practices (e.g., water treatment, trucking production releases;
Sturrock et al. 2018). Presence of unclipped adults in salvage indicates that immigrating adults may
experience increased straying in the Delta, likely as a resBitapéct related alterations in hydrology, as
seen in other systems including the Knights Landing Ridge Cut during the North Delta Flow Action Study
(DWR 2018). The loss of spawning adults due to straying could decrease the genetic diversity of these
populations as well as decrease juvenile production.

The loss equatiorGDFW 2018nd Attachment 6 to the ITRIoes not account for historical adult loss at
either facility. Each component of the loss equation was developed based on performance evaluation
studies for juvenile salmonids, which behave and respond differently than adult salmonids. For example,
pre-screen loss may not be measurable for adults because they may not experience mortality from
predators like juveniles but may experience {sawn mortaty due to stranding stress. Expanded

salvage may also underestimate the abundance of adult Chinook salmon present.

In its current form, the loss equation states that fish greater than 100 mm FL experience zero loss during
handling and transportGDFW 2018nd Attachment 6 to the IT)PThis does not address impacts from
handling and transport during the salvage process, which is known to increase stress related impairment
and mortality in adult salmonid€pok et al. 201,3Cook et al. 2018a and 201,3®aqué 1989, Teffer et

al. 2017). AdultChinook salmon that survive handling and transport and continue on to the spawning
reaches of their natal streams can have decreased spawning fitness and fecundity due to the energy
expenditure and stress related with dape, handing, andelease (Wilson et al. 2@}

Cook et al. (2018jocumented both shortand longterm impacts to coho salmon in the form of
external and physiological injuries caused by netting and handling. In this study, the authors
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demonstrated thadermal injuries and changes in blood chemistry predicted delayed mortality, while
reflex impairments, as a result of prolonged anoxia, resulted in an inability to escape predation and
decreased survival shortly after release. Teffer et al. (2017) foniths results for sockeye salmon on
the Fraser River, which experienced high rates of mortality between 5 and 12 days following net
entanglement and handling. Additionally, in this study,-ppawn mortality of handled salmon was
linked to higher occurretes of the pathogenB. psychrophilurand C.shastain examined carcasses,
suggesting that th@revalence of these diseases is likely due to the suppressed immune system
response fish experience during the stress of capture and handling.

7.3. Entrainmentof Juvenile Winterrun and Springrun
Chinook Salmon
7.3.1. Introduction

Export effects in the south Delta are expected to reduce the probability that juvenile salmoti@s in

south Delta will successfully migrate out past Chipps Island, threitiggr entrainment ommortality in

the export facilities, or changes to migration rates or routes that increasielence time of juvenile
salmonids in the south Delta and thus increase exposure time to agéntsrtality such as predators,
contaminantsand impaired water quality parameters (suchdissolved oxygen or water temperature)
(NMFS 2019Net OMR flows provide a surrogate indicator for how exports at the south Delta pumping
FILOATtAGASE AYyTtdzSyOS Keé RNER R &xpdriYeifedts on’OWR floksS/arias?2 dzii K 5
as a result of multiple factors including inflow, tides, déinelamount of water being exported. The

largest effect of exports on Delta hydrology is seen in Old River (SST 2017). Higher numbers of juvenile
Chinook salmoire salvaged during periods of a more negative OMR value (SSTKiédwgrer (2008)

also found that salvage of hatchery Chinook salmon from the Sacramento River increased with
increasing export levels.

Based orparticle tracking modelRTM simulation of particles injected at the confluenagthe

Mokelumne River and the San Joaquin River, the risk of particle entrainment nearly doubles %o 10
20%as net OMR flows increases southward fréyb00 cfs t63,500 cfs, and quadruples to 40 percent
at -5,000 cfdNMFS 2009)At flows more nedéve than-5,000 cfs, the risk of entrainment increases at
an even greater rate, reaching approximately 90%d00 cfs. Even if salmonids do not behave exactly
as neutrally buoyant particles, the risk of entrainment increases considerably with inareagiarts, as
represented by net OMR flowBIMFS 2009)Thus, the risk of entrainment into ttseuth Delta channels

is increased when OMR flowsecome more negativeNMFS 2009).

Beginningn SectiorB ¢ Minimization of Take and Impacts of the Taking on Wntgr and Springun
Chinook Salmon Entrainmeat this Effects Analysig/e discuss minimization of Project entrainment
effects as a result of implementation of Conditions of Approval includeldeitTtP.

7.3.2. Effectsof South Delta Export Operationsn Winter-run

Chinook Salmon
CHNWR that are exposed to the export facilities in the waterways immediately adjacent to the facility
intakes andndividualsthat do not migrate through the salvage féibds are expected to have reduced
migratory success. An increased negative flow in the region immediately adjacent to the intakes to CCF
and the CVP would increase the probability of fish being unable to reverse course and successfully exit
the Delta, alhough the magnitude of this effect is currently unknown due to a lack of data regarding
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fine-scale, reactspecific fish movement behavior and survival in those reaches under increased export
conditions. Increased pumping has-fagld migratory impacts awell, particularly in the Old and Middle

River corridors which would negatively affect CHNWR in those corridors. Fish that are present in the Old
River or Middle Rivesorridors and their distributaries downstream of teeuth Delta export facilities

would experience increased net flows towards the export facilities. Increased exports would obscure
more of the ebbing tide signal that would normally cue fish to move out of those corridors and back into
the main migratory corridor of the San Joaquin Riveolefmoving southwards into waters that are

more heavily influenced by the effects of reverse flows due to exports (NMFS 2019).

7.3.3. Effectsof South Delta Export Operationsn Springrun Chinook

Salmon
CHNSR that are exposed to the pumping planteénwaterways immediately adjacent to the facility
intakes are expected to have reduced migratory success. A more negative flow environment in the
region immediately adjacent to the intakes of CCF would decrimsprobability of fish being able to
alter course and successfully exit the Delta, althoughrttagnitude of this effect is currently unknown
due to a lack of data regarding fine scale fistvement behavior and survival in those reaches under
export conditions. This is particulaimportant for GCHNSR that originate in the San Joaquin River basin
andenter the Old River channel. These fish would migrate downstream in either the Old\Rikeie
River, or Grant Line/ FabigrBell channels. All three channels have considerakjmsure to the effas
of exports. The Old River and Grant Line/ Fafiah channels pasfirectly in front of or in very close
proximity to the intakes for the CVP and SWP, and a lamggortion of fish moving through these
channels are expected to be entrained into trehalvagdacilities where high levels of mortality are
expected. The Middle River channel joins with the maade Victoria Canal/ North Canal, a large
dredged channel directly leading to the export facilities, and net flows move towards the expoty facili
intakes under most conditions (NMFS 2019).

Increased exports have negative-fagld migratory impacts as well, particularly in the Old and Middle

River corridors which would impact CHNSR in those corridors. Fish that are present in the Old River or
Middle River corridors and their distributaries downstream of $hath Delta export facilities would
experience increased net flows towards the export facilities. Increased exports would mute the ebbing
tide signal to cue fish to move out of those corridargl back into the main migratory corridor of the

San Joaquin River rather than moving farther southwards into waters that are more heavily influenced

by the effects of reverse flows due to exports. This would affect both juvErdSRriginating in the
Sacramento River basin as well as those CHNSR originating in the San Joaquin River basin and migrating
downstream within the main stem channel of the San Joaquin River from upstream locations (NMFS
2019).

7.3.4 Historical Loss of Juvenile Chinook Salmarthee Salvage
Facilities
G[2aa¢ Aa I GSNY dzASR (G2 NBFSNI G2 GKS SadshYl GSR

collection facilities as they go through the salvage process, and is estimated basedomtber of
salvaged fish (fish obsved within the fish collection facilities at the export facilitiagd a number of
components related to facility efficiency and handlibgss is estimated for each run of Chinook salmon
that are observed athe salvage facilities. Salmon are identifi@s natural or hatchery origin based on
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determined by theDelta Model LAD criteria (USFWS 199ith the exception of genetic analysis for

natural CHMVR which was conducteffom 2016through2019.CWTsn all clipped fiskare read to

determine race.

The salvage process$ the SWHtarts with fish entrainment into CCF, and proceeds with fish moving
across the CCF until they enter the Skinner Fastility where they are collected in holding tanks. A
screened subsample of fish that reach the salvage tanks are collected every two hours and th&htotal
salvage per sampling period is calculated by expanding the number of fish salvabedragtion of

time that diversions were sampled. Fish loss for that period of time is calclateztl on the standard

loss equations@DFW 2018nd Attachmenb to the ITP). Dailgalvage and loss are the cumulative sum
for those metrics for all of the sampling gi@ds that occurred in that day (NMFS 2019). After this stage,
fish are transferred to tanker trucks and driven to release sites in the western Delta and reeased

into the Sacramento or San Joaquin Rivatghe CVP, the fish salvage process staitls fish

encountering the trash rack on Old River in front of the primary channel, and then progressing through
the salvage process until the salvaged fish ultimately release at the release sites, similar to the

process at the SkinnéiishFacility (NMFS 201%ata collected on juvenile Chinook salmon at both the
Skinner Fish Facility and the Tracy Fish Facility during the salvage process are combined at the end of
each day. The data is then used by both DWR and Reclamation to determitmetgthdaily loss of each

run of juvenile Chinook salmon. Combined loss of juvenile Chinook salmon can help to describe the total
entrainment and loss that is occurring in the south Delta due to export operations at SWP and CVP
pumping facilities.

Each tep in the salvage process is associated with a different rate of mort&liZ§ has a high mortality

rate of juvenile Chinook salmon due to predation by fish and birds (Clark et al. 2009). The loss in CCF is
GSNXYSRONBSE f2aaé | ¢gsBuméskh® los2aleds 75djat3WP ivisilg’ CVP is
assumed to have only a 15% gsereen loss rateQDFW 2018nd Attachmenb to the ITB. Juvenile

Chinook salmon also experience mortality at the louvers that screen them from entering Banks Pumping
Plantai {2t 2NJ W2y Sa tdzyYLAy3a tflyd G /+xtd ¢KS f2aa |
dependent upon the size of the fish as well as the water velocity through the lo0D#r\W 201&nd
Attachment6 to the ITP. Fish that are salvaged at thar8ier Fish Facility and the Tracy Fish Facility

may also experience loss during the handling, transport and release process. The loss equation assumes
that fish that are 10 mm and smalleexperience a 2% mortality rate, and fish that 484 mm and
largerexperience a morality rate of 0% during this part of the proc€&HW 2018nd Attachmenb to

the ITP.

The mortality rates that have been used irtlossequation have not been updated since@®) and

there have been more recent studies that show leighates of loss, for example Wunderlich (2015)

reported a prescreen loss of 81.14% at SWP. Additionally, the loss equation does not consider the

condition and survival of fish pestlease. The salvage process, including handling, transport, and

releasecan result in increased stress, dermal injury, increased risk for disease contraction, disorientation
when released, predation during transport at release sites, and delayed morfaligking juveniles

from the salvage facilities in combination with elvater operations likely contributes to significant

adult straying. It is also important to note that the calculated loss at the facilities does not fully
NELINSaSyd d11S 2F tAa0SR aLISOASAE dzy RSddiodd6& / 9{ ! @
hunt, pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill. Take of juvenile
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facilities. Specifically, CDFW considers jilegdhinook salmon taken when they enter through the
radial gates aCCFregardless of whether they survive the salvage and release process.

7.3.4.1. Historical Loss oWinter-run Chinook Salmon

Entrainment primarily affects emigrating salmondiging their juvenile and smolt life history stages
although adult salmonids have been documented in salvage at both the SWP and CVP export facilities.
CHNWR salvage data collected at SWP and CVP is available on the online database from 1993 through
the publication of this document in March 2020 (CDFW 2)1%he DeltaVodel LAD criteria (USFWS

1997) is used to identify juvenile CHNWR at soeth Delta salvage facilities. Starting in 2016, a rapid
genetics protocol was implemented to properly identify CHRI¥fbm the other runs of Chinook

salmon? This protocol was not carried forward in the 2019 NMFS BiOp and is not included in the ITP. To
guantify historicalloss of juvenil&C HNWRfor purposes of this Effects Analysis, CDFW gathered data

from the CDFVBay-Delta Regiosalvage database (CDFW 2€1&ndcalculated lossising the loss
equation(CDFW 2018nd Attachmen® to the ITP).

Figure5 shows the annual historical loss of juvenile ln@Bural and hatchery CHNWR from water years
1993 to 2018. Annual &3 of juvenile CHNWdRcreasedn 1997 (646 fishhengradually increasednd
peaked in 2003 and 2004 (29,651 fish andlLZ1T fish, respectively), followed by a sharp decline in 2005
(5,385 fish. After 2005 losswas somewhat steady untileclining again rather drastically during the
drought, rangingto alow of 330 in 2015. Recently, loss numbers have continued to be relatively low
(1,064 fish in 2018Figure5). This pattern of decline since 2005 is similar to the pattern of CHNWR
adultescapement (CDFW 2049 which indicates adult spawning success andtegfgy and juvenile
survival may be a contributing factor. This decrease in CHNWR is likely caused by a combination of
factors with a major contributor most likely being drought yeassegeto-fry survival to the RDD was
5.6% in 2014 and.2% in 2015. The 2009 NMFS BiOp minimized entrainment and loss of CHNWR by
restricting OMR flows to be more positive when a daily loss density trigger was exceeded (RPA Action
IV.2.3). This action atd also account for some of the decreaseservedirom 2009 to 2018.

Historically, juvenile CHNWHave been observenh the salvagdacilitiesfrom December througkdune
(Figures 612), with most of the salvage and loss occurring from December througih Mpwever, the

loss typically peakisom January through MarciMigrating juvenile CHNWR typically finish exiting the
Delta in late Maydel Rosarieet al.2013), and therefore salvage and loss of juvenile CHNWR in May and
June is generally very low.4s0f juvenile CHNWR in May only occurred in 10 of the 26 years, while loss
of juvenile CHNWRuring Juneonly occurred in one year (2003). With decreasing numbers ofNRHN

(as described in Section 4¢Life History of Winterun Chinook Salmgnminimization measures are
neededto reduce the entrainment and loss of juvenile salmonids that occurs at the salvage facilities.

2The rapid genetics protocol was requireddoyamendment to the 2009 NMFS Biological Opift&A Action
IV.2.3(OMR Management)
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Juvenile Winter-Run Chinook Salmon Annual Loss

Water Years 1993 to 2018
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Figure5: Juvenile CHNWR Annual Loss, Water Year 1838.Combinedannualloss at SWP and CVFjwfenileLADnaturaland hatcheryCHNWRrom water years 1993 to
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Juvenile Winter-Run Chinook Salmon Monthly Loss

December, Water Years 1993-2018
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Figure6: Juvenile CHNWR Monthly Loss, December Water Year-P828.Combined loss of juvenileADnaturaland hatcheryfCHNWRor December from water years 1993

to 2018 at SWP and CVP.
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Juvenile Winter-Run Chinook Salmon Monthly Loss
January, Water Years 1993-2018
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Figure7: Juvenile CHNWR Monthly Loss, January Water Year-P838.Combined loss of juvenileaturaland hatcheryCHNWRor January fronwater years 1993 to 2018 at
SWP and CVP.
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Figure8: Juvenile CHNWR Monthly Loss, February Water Year -22438.Combined loss of juvenile LARturaland hatcheryCHNWRor February from water years 1993 to
2018 at SWP and CVP
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